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Dale, John, 26, Whitehall Terrace, Hylton Road, Sunderland ... (E) Mar. 1897 

Dalrymple, Wm., Myrtle Cottage, W. Cleadon, Sunderland ... (E) Dec. 1886 

Dalrymple, William, Jun., 8, Amberley Terrace, Sunderland ... (E) Dec. 1895 
Daniel, Alfred John, Board of Trade Surveyors' Office, West 

Hartlepool (S) Nov. 1893 

Darling, W. J., Lloyd's Register of Shipping, Dock Chambers, 

Barry (S) April 1887 

Darney, John, c/o Messrs. Short Bros., Pallion, Sunderland ... (S) Nov. 1884 

« r Graduate, Jan. 1891 
Davis, Thos. Wilfrid, Birkenfeld, Bromley, Kent ... (E) 1^^^^^^^ Mar. 1894 

Davy, William. Greenfield Terrace, Ryton-on-Tyne (E) Oct. 1896 

Dawson, Herl>ert, 6, Selbome Terrace, Gateshead-on-Tyne ... (E E) Nov. 1897 

Deighton, William, Messrs. Deighton's Patent Flue Co., Vulcan 

Works, Pepper Road, Leeds (E) Nov. 1897 

Denny, Archiliald, c/o Messrs. W. Denny & Bros., Dumbarton ... (S) Dec. 1891 
De Rusett, Edwin W., Warden House, Percy Park Road, Tyne- 

mouth (S) Nov. 1890 

Dick, F. W., c/o Messrs. Palmer's Shipbuilding Co., Jarrow-on- 

Tyne (I Ik S M) Oct. 1891 

Dickie, James, 428, Mississippi Street, Potrero, San Francisco, 

California, U.S.A (S) Mar. 1894 

_. r Graduate, May 1885 
Dickinson, F. T., 23, Park Place W.. Sunderland ... (E) 1 ^^.j^^^ Qct 1886 

Dickinson, James, The Cloisters, Sunderland (E) Nov. 1884 

Dickinson, John, Park House, Sunderland (E) Nov. 1884 

Dickinson, W., Park House, Sunderland (E) Nov. 1884 

Dietze, F. G., Messrs. The Hamburg South American Steam Ship 

Company, Hamburg (E) Nov. 1893 

Dixon, James, c/o Messrs. Ropner & Sons, Shipbuilders, Stockton- 
on-Tees (S) Dec. 1893 

Dixon, John Rochester, 79, Osborne Road, Newcastle-upon- jGraduate, Oct. 1887 

Tyno (E)tMember, Feb. 1893 

Dixon, Sir Raylton. Cleveland Shipyard, Middlesbrough (S) Feb. 1888 

Dixon, William, Heaton Hall Road, Heaton, Newcastle-upon-Tyne (E) Nov. 1893 
Dixon-Brown, L. D., 42, Bunion Teriace, Newcastle-upon-Tyne... (S) Nov. 1886 
Dobson, Henry James, c/o Messrs. William Dol>son & Co., ( Graduate, Oct. 1891 

Newcastle-upon-Tyne (S) | Member, Feb. 1898 

Dobson, William. Shipbuilder, Walker-on-Tyno (S) Nov. 1888 

Donald, James, 58, General Gordon Terrace, Sunderland (S) Nov. 1884 

Donkin, George, St. Andrew's Engine Works, Newcastle-upon-Tyne (E) Oct. 1892 
Donovan, J. W., 5, Ash Place, Newcastle Road, Sunderland ... (E) April 1885 
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SLECTCD. 

D08 Santos, Apolinariii J., Rio Gi-ande-do-Sul, Brazil ... (SUR) Nov. 1891 

Dooglas, John F., c/o Messrs. Ramage k Ferguson, Leith (E) Jan. 1888 

Dove, Herbert J., 25, Ashfield Terrace W., Newcastle-upon-Tyne (E) Nov. 1896 
Downing, Nicholas, Qlenbrooke, Victoria Avenue, Norton Road, 

Stockton-on-Tees (I F) Oct. 1894 

Dowsen, Chas., 21, Croft Terrace, Jarre w-on-Tyne (E) Dec. 1885 

Doxford, Albert Ernest, M.A., 1, Grange Crescent, Sunder- ( Graduate, Oct. 1890 

land (E) ( Member, Nov. 1893 

Doxford, Charles D., Bainbridge Holme, Tunstall Road, Sunderland (S) Nov. 1884 

Doxford, Robert P., Pallion Engine Works, Sunderland (E) Nov. 1884 

Doxford, W. Theodore, M.P., Pallion Shipyard, Sunderland ... (S) Nov. 1884 

Duckitt, Jno., Leazes Gate Villa, Newcastle-upon-Tyne (E) Nov. 1884 

Dackitt, John Brentnall, George Lane, Woodley, j Graduate, Oct. 1888 

rta Stockport, Cheshire (E E) i Member, April 1895 

Dudjjeon, F. S., 30, Great St. Helens, London, E.G. (E) Feb. 1885 

Dugdale, William H., Green Bank, Jarrow-on-Tyne (S) Mar. 1894 

Duguid, Robert, c/o Messrs. Harland & Wolff, Drawing Office 

Department, Belfast (S) Oct. 1892 

Duncan, George Thos., c/o Messrs. Tangyes Limited, 3, St. Nicholas' 

Buildings, Newcastle-upon-Tyne (E) Nov. 1894 

Dnnlop, John, 65, Sydenham Terrace, Chester Road West, Sunder- 
land ... ... ... ... ... ... ... (S) Mar. 1898 

Dnnlop, William, c/o Messrs. Oderofu Aless"., Sestri-Ponente, Italy (E) Mar. 1888 
Dyer, Charles M. B., Lloyd's Register of Shipping, 3, St. Nicholas' 

Buildings, Newcastle-upon-Tyne (E SUR) Oct. 1892 

Dykes, George, Lloyd's Register of Shipping, Steinhoeft 3, 

Hamburg ... ... (S) Jan. 1893 

Dykes, James, 82, Park Road, Ncwcastle-upon-Tynn (E) May 1885 

Dykes, John, Lloyd's Register of Shipping, Oriel Chambers, 

Liverpool (SUR) Oct. 1889 

E. 

Edminson, Frank A., Ormidale, Otterburn Villas, Newcastle- /Gniduate, Nov. 1893 

upon-Tyne (S) I Member, Nov. 1897 

Rdmiston, Jas. B., Ivy Cottage, Highfield Road, Walton, Liverpool (E) Nov. 1886 
Edwards, Guy W., 89. Holly Avenue, Newcastle-upon-Tyne ... (E) Mar. 1897 

Edwards, James Harry, Jun., High Docks, South Shields (S) Mar. 1893 

Seles, Rol>ert, Queen Street, Newcastle-upon-Tyne (E) April 1889 

Egan, James, 72, Riviera House, CoUingwood Road, West 

Hartlepool (E) Dec. 1893 

Kidman, William, 1, Gay Street, Penai-th (E) Nov. 1897 

Elder, Edward, c/o Messrs. J. & G. Thomson, Clydebank, / Graduate, Nov. 1890 

Glasgow (S) I Member, Oct. 1892 

ElUott, William D., Hessle, Hull (E) Nov. 1894 

Ellis, Robert Elwood, Messrs. Cumming k Ellis, Inverkeithing, 

rife ..• ... ... •.. ... ... ... ... ... (S) ii cb. 1891 

English, Thos. (Lieut.-CoL), Hawley, near Dartford, Kent ... (E) Oct. 1890 
Eidtman, Herman, c/o Mr. W. Lind berg's Varf, Stockholm, 

Sweden ... (E) Nov. 1893 

Eshclby, William, 13, Brankingham Terrace, Norton Road, 

Stockton-on-Tees (E) Feb. 1888 
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Evans, Charles U., c/o Messrs. The Vulcaa Shipbuilding and 

Engineering Co., Stettin, Germany (E) Mar. 1891 

Evans, Lewis, c/o Ralph Carr, Esq., Maritime Buildings, King 

Street, Nowcastle-upon-Tyne (SUR) Dec 1890 

Evans, William, Superintendent Engineer, Rosedene, Whitchurch, 

Cardiff (E) Nov. 1889 

Evans, William T., c/o Messrs. John Cory & Sons, Mount Stuart 

Square, Cardiff (E) Mar. 1896 

Ewen, Alex., 22, Albany Terrace, Whitley, near Newcastle- ( Graduate, Oct. 1891 

upon-Tyne (E) I Member, Jan. 1894 

F. 

Fairbaim, James, 54, Amberly Street, Sunderland... (E) { ^^^^^te, May 1885 

f Member, April 1895 

Farina, A. J., C3, Quayfiide, Newcastle-upon-Tyne (E) Nov. 1884 

FaruflSni. Capt. M. C, c/o Connitato Pei Designa delle Navi 

Ministero dilla Marina, Rome, Italy (N A) Dec. 1888 

Fenwick, James, B.Sc, C.E., 19, Bridge Street, Sydney, New South 

w aies ... •.. ... .■« •«• ... ... ... t bj \JCti» X o v^ 

Ferrier, Robert M., B.Sc, Durham College of Science, Barras 

Bridge, Newcastle-upon-Tyne (E) Nov. 1892 

Field, Arthur M. C, 110, Sandyford Road, Newcastle-upon-Tyne (E E) Jan. 1898 
Finch, Herbert K., Colliery Agent, c/o Messrs. Blainscough | Graduate, Dec. 1888 

Colliery Co., Coppull, near Chorley, Lancashire (E) ( Member, Nov. 1894 

Findlay, John Taylor, U, Nelson Street, Sunderland (SUR) Feb. 1890 

Fish, Thomas Wilson, Lloyd's Register of Shipping, Calcutta, 

British India (SUR) May 1892 

Fleming, Charles Edward, 71, Elswick Road, Newcastle-upon-Tyne (E) Nov. 1884 

Fletcher, Ro}>ert, Walker Forge, Walker-on-Tyne (F M) Dec. 1886 

Flohr, Justus, Director dcr Stettiner Maschinenbau-Actien-Gesell- 

schaft " Vulcan," Kantstrasse 9, Stettin (E) Oct. 1886 

Foley, Wm. C. le B., P>ox 537, Newport News, Virginia, j Graduate, Nov. 1887 

U.S.A. (S) \ Member, Oct. 1892 

Ford, David, c/o Messrs. J. Boyd k Co., Shanghai, China (E) May 1891 

Ford, John McLaren, 70, Mount Pleasant, Barrow-in-Furness ... (S) Nov. 1896 

For.ster, Alfred Lindsay, 23, Noble Terrace, Gateshead (E) | Graduate, Nov. 1891 

I Member, Oct. 1895 
Forstcr, William, c/o Messrs. Dixon, Robson, k Co., 2, Collingwood 

Street, Newcastle-upon-Tyne (E) Mar. 1890 

Foster, Henry, c/o Messrs. Galloway k Co., Knott Mills Ironworks, 

Manchester ... ... ... ... ... (E) April 1885 

Fothergill, J. R., Dock Office, West Hartlepool (C E) Mar. 1886 

Fowell, Ridley, Lloyd's Register of Shipping, Dock Offices, West 

Hartlepool (S Ic E SUR) P'eb. 1893 

Fownes, Henry, Tyne Forge, Ouseburn, Newcastle-upon-Tyne ... (F M) Nov. 1884 
Fox, Samson, Messrs. The Leeds Forge Co., Leeds {Li/e Memher) (E) Dec. 1887 
Fox, William, 9, Winlield Terrace, Chester Road, Manchester ... (E) April 1895 
Franki, J. P., c/o Messrs. Morts Dry Dock and Engineering Co., 

Sydney, N.S.W., Australia (E) Jan. 1886 

Eraser, John Holt, 34, Balliol Road, Bootle, Liverpool (E) -f Graduate, Oct. 1896 

I Member, Jan. 1898 
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Ei.EtTKD. 

Fraser, Thomas S., 1, The Hollies, Armley, Leeds (E E) Jan. 1894 

Farneaox, J. B., Victoria Engine Works, Gateshead-on-Tyne ... (E) Nov. 1886 
Fane, Fred., Villa Schlaepfer, Capodimonte, Naples (S) April 1887 



G. 

Gad, Oscar, Deptford Shipyard, Deptford, Sunderland (S) Nov. 1893 

Gaine, Roger L., 8, Humbledon View, Sunderland... (E) | Graduate, Dec. 1887 
'^ ^ ' I Member, Oct. 1894 

Gannaway,H. G., 11, Kent Street, Jarrow-on-Tync (S) Nov. 1884 

Garelli, Fabio, Ha Settembre, Sestro Ponente, Italy (S) Oct. 1896 

Garthwaite, John R.,c/o Messrs. R. Ropner ic Sons, Stockton-on-Tees (S) May 1889 

Gayner, Robt. II., Jun., Beech Holm. Sunderland ... (E) /Graduate, Mar. 1886 

^ (.Member, Oct. 1888 

Gearing, Ernest George, Penshurst, Clarence Drive, Harrogate ... (E) Dec. 1892 

Geddes, Christopher, 2a, Drury Lane, Water Street, Liverpool ... (E) Oct. 1888 

Gibson, David, 18, Wadsworth Avenue, Cardiff (E) June 1896 

Gibson, H., 162, Roker Avenue, Monkwearmouth, Sunderland ... (S) Nov. 1884 

Gibson, J. Hamilton, c/o Messrs. Laird Bros., Birkenhead (Graduate, Aprill891 

(E) t Member, Oct. 1894 

Gibson, Thomas, 162, Roker Avenue, Sunderland ... (E) i Graduate, Nov. 1893 

^ ^ I Member, Dec. 1897 

Gibson, W. H., 37, Tatham Street, Sunderland (E) Nov. 1884 

GoUedge, William, Royal Agricultural Hall, Islington, ( Graduate, Nov. 1891 

London (E E) I Member, Nov. 1896 

Good, Farrant, c/o Messrs. Bute Dry Dock Co., Ltd., Roath Basin, 

Cardiff (E) Mar. 1896 

Gordon, William James, c/o Messrs. Vickers, Sons k Co., Naval 

Construction Works, Barrow-in-Furness (E) Oct. 1887 

Gordon, William Leslie, In vermark, Broughty Ferry, N.B. ... (E) April 1893 
Graham, James Thos., 126, Westmorland Road, Newcastle-upon- 
Tyne ... ... ... ... ... ... ... ... (E) Nov. 1897 

Graham, William, 8, Otto Terrace, Sunderland (S) Nov. 1884 

Graham, William, West House, Tynemoutb (S) Oct. 1891 

Graham, William, 30, Hill Street, Jarrow-on-Tyne (S) April 1893 

Graham, William, Primrose Villa, Kingsland Crescent, Barry 

Docks, South Wales (E) Nov. 1894 

Graven, John, Bureau Veritas Register of Shippinjr, 15."), Fenchurch 

Street, London, E.C (N A SUR) Nov. 1884 

Gray, A., 17, Belgrave Terrace, Newcastle-upon-Tyne (E) Nov. 1888 

Gray, George, 3, Cedars Crescent, Ryhope Road, Sunderland ... (E) Feb. 1888 
Gray, Harry, Dominion House, 110, Fenchurch Street, London, 

XbcV./. ••• ... ... .•• .•• ... ... ... ... ^b J UGCm 1 oqO 

Gray, Sir William, Messrs. W. Gray & Co., West Hartlepool (S Ic E) Oct. 1888 
Green, W. G., c/o Messrs. Chantiers Naval de Nicolaieff, a 

Bouffioolx, Hainaut, Belgium {E) Nov. 1884 

Greenhow, John, 7, North View Terrace, Middlesbrough ... (S) Oct. 1894 
Greig, David William, Messrs. Lymington Shipbuilding Co., 

Lymington, Hants. (E) Mar. 1891 

Grey, Charles, 17, liovaine Crescent, Newcastle-upon-Tyne ... (E) Feb. 1898 

Griffith, Edwin, St. Alban's Place, Tynemouth (E) Nov. 1897 
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Orirmjn, ThoinaM Hniijjiinin, 31), VcBpasinn Avenue, South Shields... (E) Mar. 1890 

Ormn, Ki^llx, 4, OolloKiatfl (^rcwout, Sheffield (I 1^ S M) Feb. 1893 

(hilnUni, A,, ('liiytoii Park Ii«)dj^e, Jesmond, Newcastlft-upon-Tyne (E) Dec. 1888 
Orjnri, Hir.lohii, ('hairnuin, Mewrs. Mount Stuart Dry Docks Co., 

<'Hr(\\(t (/J/0 Memher') Jane 1896 



H. 

Hak^ 0. A., W, lloMihury Terrace, Heaton, Newcastle-upon-Tyne (SUR) Oct. 1888 

Hall, KdwanI, (IH, (iran^'O lload Went, Jarrow-on-Tyne (S) Nov. 1885 

Hal), J. I'i!n'y,(?arvine, I jiwrie Park Road, Sydenham, London, S.E. (E) Oct. 1885 

Harrilh^»n, nobnrt, (J., The Colle^'O, Durham (E) i G^^*«» ^- ^^92 

( Member, Oct. 1895 

Hfirrirriar, MiiKod., MndliolrneiiH, Verkstada Aktreholag, Goteberg, 

Mw»m)«mi (S) Nov. 1890 

HarafriiUlil, M., IJJ, KvorHley Place, Heaton, Newcastle-upon- 

TyuM (N A) Nov. 1897 

Unr)t«tUU\ John, (UJ, Malvern Street, Newcastle-upon-Tyne ... (E) Oct. 1896 
Harkn/'W, llir-hard, (iraii^fo Uoud, West Hartlepool ... (S SUR) Nov. 1884 

Harl/»w, K,, H, nciitoM 'IN'rraec, NcwcjiHtle-upon-Tyne (E) Nov. 1884 

Unntmii, Uruct\ MtMMrM. Tim Lindo Hritish Refrigerating Co., 35, 

O'l^^'ii Victoria Hi reel, I^ondon, K.(' (E) Oct. 1886 

MarpfT, J, n,, I, IliMiiiindnt Street, North Shields (E) Jan. 1885 

Harris, Anfliony, (!lyde Viieht Club House, Hunter's Quay, 

Ari/ylei«|iirn (E) Mar. 1892 

Harrison, Alfred, He(»l la Kii^rine Works, Sunderland (E) Oct. 1889 

MarroM, Alexjmdrr, 2<1, Park Uoud, Newcastle-upon-Tyne ... (E) Nov. 1884 

/farroM, K,, 110, (/nrdiKaii Terraci', Heaton, Newcastle-upon-Tyne (E) Nov. 1888 
Harroway, (ieorjc Mileliell, H, Cambridije Terrace, Borough Road 

Ka^t, MiddleMl»rouj(li (S) Jan. 1896 

Hartley, W. A., e/o MeMHrn. (/harles Camniell Sc Co., Sheffield ... (E) Jan. 1898 
Harrey, John W. J., I, Riehniond Villa, Chcrtsey Road, Redland, 

P»riMt»»l (E) Feb. 1889 

Hayaslii, Kn/.uo, 7, Warrington lload, Xewcastle-upon-Tyne ... (E) Jan. 1898 

Hefv^l, Arehibald P., 47, Vietoria Sti-eet, London, S.W. (E)i^^^"»te, Nov. 1884 

I Member, Oct. 1887 
Hea^llHrn, I(ol»ert, New Park Terraee, Hartburn Lane, Stockton-on- 

I ''e^ ,.. ... ,,. ... .,, ... ... ,,, ,,, v""^ ^OV. loo6 

Heavinidi?, Artlmr WeHf, 7, (Jrafton Roatl, Whitley, near 

Newea^tle-iipofi-Tyiu' (E E) Oct. 1896 

Heek, Joliri H., MoyjI'M lle^'ister of Shipping, 3, St. Nicholas' 

P.nildifjjzH, NoweaHtle-upoM-Tyne (S SUR) Nov. 1886 

Jlempbill, Henry, 15, Nortli View, Iloaton, Newcastle-upon-Tyne (E) Aprill897 
HenderKon, Alex,,(7o Messrs. Einpreza, Nacional, De.Nav. D'Vapor, 

LiHbon (E) Aprill893 

Heiid(!rHon, A. M., 3, (Jreatliam Terrace, West Hartlepool ... (E) Nov. 1890 

H(;nderHon, Oeor^,'e, 54, Westmorland Road, Newcastle-upon-Tyne (E) Nov. 1884 
HcTHlerson, Jolm, 1, Broadhurst Street, St. MichaePs, Liverpool... (N A) June 1896 
Henry, William P., Cragside, St. Aidan's Road, South Shields ... (E) April 1897 

Hcnshall, Samuel, 7, Lennox Street, Middlesbrough (S) } Graduate, May 1885 

( Member, Jan. 1894 
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Hepburn, Alfred, Northumberland Forge, Wallsend-on-Tyne ... (F M) Dec. 1890 
Hepple, William, Slipway, Wapping Street, South Shields... (E <t S) Oct. 1886 
Hepple, William Thos., Messrs. Hepple & Co., Engineers, Wapping 

Street, South Shields (E) Dec. 1893 

Hesketh, Thomas, Bryn Tirion, Richmond Road, Cardiff (SUR) Aprill896 

Higgins, C. F., c/o Messrs. T. Richardson & Sons, Ltd., Hartlep(X)l (E E) Feb. 1898 

Hildrey, A. J., 11, Newcastle Road, Sunderland (S) Nov. 1884 

Hill, Maxwell, 7, The Side, Newcastle-upon-Tyne (N A) Nov. 1884 

Hindson, William Forster, 19, Ravensworth Terrace, Gates- ( Graduate, Nov. 1891 

head-on-Tyne (E) I Member, Nov. 1892 

Hirst, Richard, Lloyd's Register of Shipping, Dock Offices, West 

Hartlepool (E SUR) Nov. 1886 

Hodge, Rowland F. W., c/o Messrs. The Northumberland Ship- 
building Co., Limiteil, Northumberland Shipyard, Howdon- 

on-Tyne ... (S) Dec. 1890 

Hodgson, Rich., Bowness. Gordon Street, Workington (S) Dec. 1896 

Hogg, Archibald, Netherleigh, Beach Avenue, Whitley, Northum- 
berland (S) Jan. 1897 

Hogg, James, 8, Lovaiue Terrace, North Shields (B F) Nov. 1889 

Hok, Wilhelm, Deptford Shipyard, Sunderland (S) Oct. 1886 

Holgate, Charles H., School Close Works, Leeds (E) Feb. 1896 

HoUis, Henry William, Whitworth House, Spcnnymoor (I M) Oct. 1891 

Holmes, John H., Portland Road, Newcastle-upon-Tyne (E E) Jan. 1888 

Homji, A. C. N., c/o Messrs. Lakhmidas Khimji S. & W. Co., 

Limited, Fergussou Road, Bombay, India (E) Nov. 1884 

Hooper, Ernest, 24, Whitehall Terrace, Hyltou Roatl, Sunderland (E) Nov. 1885 

Houston, John, 32, Randolph Street. Sunderland (E) Nov. 1894 

Hovgland, Even, Lloyd's Surveyor, Bergen, Norway (E) Dec. 1896 

Hughes, Thos. Charles, 3, Summerhill Street, Newcastle- r Graduate, Nov. 1893 

upon-Tyne (E)t Member, Nov. 1897 

Hunt«r, George B., Messi-s. C. S. Swan, Hunter, k Co., Wallsend- 

on-Tyne (S) Nov. 1884 

Hunter, J. W., 10, Princess Road, Stockton Road, Sunderland ... (E) May 1886 
Hunter, Summers, c/o Messrs. N.E. Marine Engineering Co., 

Northumberland Engine Works, Wallscnd-on-Tyne (E) Nov. 1885 

Hutchinson, C. W., 6, Park Parade, Westmorland Road, New- 
castle-upon-Tyne (E) Nov. 1884 

Hutchinson, Wesley, B.A., 6, Park Parade. Westmorland Road, 

Newca.stle-upon-Tyne (E) Oct. 1891 

Hutchison, J., Board of Trade Offices, Middlesbrough (SUR) Dec. 1891 

Hutchison, Thomas Allan (S) Nov. 1891 



I. 

Inglis, John, c/o Messrs. Hawthorn & Co., Leith (S) April 1887 

Inglis, John, Pointhouse Shipyard, Partick, Glasgow ... (E lit S) Oct. 1886 

Xnman, Douglas S., Fairholm, Heatou, Newcastle-upon-Tyne ... (E) Oct. 1892 

Irwin, J. H., Sunderland Engine Works, South Docks, Sunderland (E) Nov. 1884 
Ives, Bernard, c/o Messrs. The Northumberland Shipbuilding Co., 

Northumberland Shipyard, Howdon-on-Tyne (S) Feb. 1898 
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ItBCTKb. 

J. 

Jack, Charles Kellic, 35, Cranbourne Terrace, Stockton-on-Tees... (8) Nov. 1897 
J.'ick. William C, c^o Messrs. The Hong Kong Sc Whampoa Dock 

Co., Limited, Hong Kong, China (E) Nov. 1894 

Jackson, Albert S., 3, Mount Stuart Square, Cardiff (E) Mar. 1896 

Jackson, William S., Messrs. Gourlay Bros. & Co., Camperdown 

Shipyard, Dundee (S) April 1891 

James, M. C, 6, Park Terrace, Gat«8hea<l-on-Tyne (S) Nov. 1884 

Jennings, Frederick, 13, Eversley Place, Heaton, Newcastle-upon- 
Tyne ... ... ... ... ... ... ... ... (E) Feb. 1898 

Jewitt, Charles Wm., West Park View, Stanhope Road, South 

Shields (E It 8) Nov. 1897 

Jobling, J. C, Blackwall Ironworks. Isle of Dogs, London, E. ... (E) Nov. 1884 
Joblinj,', W. J., 1, Akenside Hill, Newcastle-upon-Tyne ... (E It S O) Nov. 1884 

Jobson, H. C, Exchange Buildings, West Hartlepool (SUR) June 1896 

Jobson, Robert, Jun., Clifton Avenue, West Hartlepool (S) Feb. 1898 

Johnson, Alexander, 9, Cheltenham Terrace, Heaton, Newcastle- 
upon-Tyne (E) Feb. 1893 

Johnson, Johan, 7, Vestni Hamngaten, Gothenburg, Sweden ... (S) May 1886 

Johnson, T. Allan, Dry Docks, Passage West, Cork (S) Nov. 1884 

Johnstone, William, Lloyd's Register of Shipping, Barrow-ln- 

Fumess (SUR) Nov. 1884 

Joicey, Jacob G., Forth Ranks West Factory. Newcastle-upon-Tyne (E) Jan. 1889 

Jones, Charles, 10, Glynrhondda Street, Cardiff (E) Mar. 1896 

Jones, Georgo, c/o Messrs. W. Gray & Co., West Hartlepool ... (S) Oct. 1888 
Jones, Morlais G., 6, Delahay Street, Westminster, London, S.W. (E) Nov. 1887 

K. 

Kaneda, Wasaburo, c/o Messrs. J. k G. Thompson, Clydebank, 

Glasgow (SUR) Nov. 1897 

Keene, H. R.. Lloyd's Register of Shipping, Quest. Quai, 28, f Graduate, May 1885 
Katcndyk, Antwerp (E) ( Member, April 1887 

Kendall, Stonard 0., Lloyd's Register of Shipping, 2, White Lion 

Court, Cornhill, London, E.C (SUR) Mar. 1891 

Kerfoot, James, 45, Rue de Grand Chila, Zurenberg, Antwerp ... (E) Oct. 1892 

King, John, 16, Lefroy Street, Newcastle-upon-Tyne (S) I ^^a^^a^^' ^ec. 1890 

^ ^ ^ M Member, Oct. 1892 

Kirkaldy, John, 40, West India Dock Road, London (E) Nov. 1886 

Kitching, J. F., Clifton Avenue, West Hartlepool (E) Nov. 1890 



L. 

Lace, Basil T., 10, Heaton Grove, Heaton, Newcastle-upon- / Graduate, Nov. 1896 

Tyne (6) I Member, Nov. 1897 

Laing, Andrew, c/o Messrs. Wallsend Slipway and Engineering 

Co., Wallsend-on-Tyne (E) Oct. 1892 

Laing, Arthur, Deptford Shipyard, Sunderland (S) Nov. 1884 

Laing, Hugh, Deptford Shipyard, Sunderland (N A) April 1897 

Laing, John, c/o Messrs. R. k W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-upon-Tyne (E) Nov. 1884 
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Landreth, CJowen, 34, Simonside Terrace, Newcastle-upon-Tyne ... . (E) Mar. 1896 
Lanfr, William Veysej, Messrs. AUsop & Co., Shipbuilders and 

Engineers, Preston, Lancashire (E) Nov. 1897 

Larkin, James, Tyne View, East Jarro\v-on-Tyne (E) Nov. 1884 

Lewins, Frank, Rosehill, Willington Quay-on-Tyne (E) Dec. 1896 

Lewis, U. A., Newburn St^el Works, Newbum-on-Tyne (E) Nov. 1884 

Liddell, J., c/o Messrs. Denny & Co.. Engine Works, Dumbarton (E) Nov. 1884 

Lie, Qotfred, Det Bergenske Dampskibssclskab, Bergen (E) Jan. 1896 

Lindfors, Hugo, Surveyor to Lloyd's Register of Shipping, 16, 

Alezandersgatan, Uelsingfors, Finland (SUR) May 1889 

Lineham, Wilfrid J., Jesmond, Leyland Road, Lee, London, S.E. (E) Oct. 1890 

Linsley, Frederick, 5, Wentworth Terrace, South Shields (E) Jan. 1896 

Littleboy, Chas. Wm., The Woodlands, Saltburn-by-the-Sea ... (S) Oct. 1887 

Littledale, John W. E., 74, Warrington Road, Newcastle-upon-Tyne (E) May 1898 

Livingston, Thos. L., Dunedin House, Jarrow-on-Tyne ... .,. (S) Nov. 1884 

Lohmeyer, H., 63, Crown Street, Newcastle-upon-Tyne (E) Nov. 1884 

Long, A. E., 124, Albert Road, Jarrow-on-Tyne (S) Nov. 1884 

Lowdon, David, Messrs. The Barry Graving Dock and Engineering 

Co., Limited, Barry Dock, near Cardiff (E) May 1894 

Xowdon, John, Messrs. The Barry Graving Dock and Engineering 

Co., Limited, Barry Dock, near Cardiff (E) Dec. 1891 

M. 

IfacColl, Hector, Bloomfield, Belfast (E) Dec. 1890 

HacColl, Hugo, Wreath Quay Engineering Works, Sunderland ... (E) Nov. 1896 
Haccoy, John, 65, Larkspur Terrace, Newcastle-upon-Tyne ... (E) Feb. 1886 
Macdonald, Charles, 4, St. Nicholas' Buildings, Newcastle-upon- 
Tyne (SUR) Feb. 1898 

HacDonald, David R., c/o Messrs. Sir W. G. Armstrong, Whit- 
worth & Co., Ltd., Walker Shipyard, Newcastle-upon-Tyne (S) Nov. 1891 

Mace, W., 253, Albert Road, Jarrow-on-Tyne (E) Jan. 1886 

MacOregor, John, 2, Michaelston Villas, Barrow-in-Furness ... (E) Mar. 1888 
MacHaffie,John,635,TerracePlace, Schenectady, New York, U.S.A. (E) Dec. 1885 
Mackay, William, 8, Camperdown Cottages, Whiteinch, near 

Glasgow ... ... ... ... ... ... ... ... (S) Mar. 1892 

Mail, M., Jun., 8, Ashbrook Terrace, Sunderland (E) Nov. 1897 

Mair, James, Wh. Sc, 24, Dockwray Square, North Shields ... (E) Oct. 1894 
Malin, Reginald P. H., 183. Hugh Gardens, New Benwell, New- 
castle-upon-Tyne (E) Jan. 1898 

Manaira, Guiseppe, 4, Salita S Gcrslamo, Genoa, Italy ... (E It N A) Nov. 1893 
Harr, James, c/o Messrs. J. L. Thompson & Sons, North Sands 

Shipyani, Sunderland (S) Nov. 1884 

Marshall, F. C, 38, Percy Gardens, Tynemouth (E) Nov. 1884 

Marshall, Frank T., Messrs. R. & W. Hawthorn, Leslie, & Co., (Graduate, Jan. 1886 

St. Peter's, Newcastle-upon-Tyne (E) (Member, Oct. 1888 

Marshall, R. J., 61, Larkspur Terrace, Jesmond, Newcastle-upon- 

xyne... ... ... ... ••• ... ... ... ... ( K) JBfiar. loo7 

Maslen, Frank E., 14, Belsize Park Gardens, Hampstead, j Graduate, Nov. 1891 

London, N.W (E) \ Member, May 1898 

Mason, George F., Lloyds* Bank Buildings, Mount Stuart Square, 

Cardiff ... ... .*. ... ... ... ... ... (E) Oct. 1896 



xxviii 

XlccTbd. 
Mastaglio, W. D., 65, Warrington Uoail, Newcastle-upon-Tyne ... (E) Nov, 1885 
Mather, Charles, 44, Warrington Road, Newcastle-upon-Tyne ...(SUR) Oct. 1888 
Matheson. William, c o Messrs. R. & W. Ilawthorn, Leslie, & Co., 

Hebburn-on-Tyne (S) Dec. 1889 

Matsuila, Mantaro, 7, Warrington Road, Newcastle-upon-Tyne ... (E) Jan. 1898 

Matthews, A., c/o Messrs. Blyth Shipbuilding Co., Blyth (S) Nov. 1884 

Matthews, Jas., c/o Messrs. R. & W. Hawthorn, Leslie, & Co., Forth 

Banks, Newcastle-upon-Tyne (E) Oct. 1886 

Maxwell, William Ward, Messrs. H. Charlton Sc Co., Engineers, 

Gateshcad-on-Tync (E) Dec 1896 

McBride, William, Beaconafield Square, Hartlepool (E) Dec 1894 

McGlashan, Arch., Beechcroft, Clifton Avenue, West Hartlepool (S) Nov. 1885 
Mcllvenna, J. G., c/o Messrs. The Tyne Pontoons and Dry Docks 

Co., Wallsend-on-Tyne (S) Nov. 1884 

McKcchnic, James, Messrs. Vickera, Sons, & Co., Naval Construction 

Works, Barrow-in-Furness (E) April 1896 

McKenna, Francis, c/o Messrs. B. F. Wailes & Co., 4, St. ("Graduate, Dec. 1890 

Nichol.'is' Buildings, Newcastle-upon-Tyne ... (E) ^Member, Dec. 1896 

McLaren, Robert M., Flinton Hill, Sunderland (S) Nov. 1893 

McLaren, William, 10, Rock Park, Rock Ferry, Cheshire (E) Oct. 1894 

McLean, John H. K., Abey House, Plotina Terrace, South Shields (S) Mar. 1897 
McNeil, Thomas Young, Ship Drawing Office, Messrs. The Clyde- 
bank Engineering and Shipbuihling Co., Glasgow (S) Oct. 1896 

Meagher, H. L., Messrs. Sir W. G. Armstrong, Whitworth & Co., 

Ltd., Elswick Ordnance Works, Newcastle-upon-Tyne ... (E) Dec. 1896 
Mechan, Henry, c/o Messrs. Mechan & Sous, Cranstonhill, Glasgow (E) May 1898 

Meldrum, Michael, Humbledon View, Sunderland (E) Dec. 1893 

Mellanby, Alex. Lawson, B.Sc, Fernleigh, Grange Road, West r Graduate, Dec. 1894 

Hartlepool (E)tMember, Oct. 1896 

Menzies, Wm., The Side, Newcastle-upon-Tyne (E) Nov. 1884 

Messenger, Thomas, Paris House, Snargate Street, Dover, Kent ... (E) Mar. 1887 

Mctcalf, Thos., 18, John Street, Sunderland (S) \ Graduate, May 1885 

^1 Member, Nov. 1893 

Metcalfe, C. S.. 24, Croft Avenue, Sunderland (E) Nov. 1884 

Micheli, Pietro, Jun., Via Sottoripu, No. 1, piano nobile, Genoa, 

Italy (E lit N A) Oct. 1888 

Middlemass, Thomas, 3, Albert Place, Norton Road, Stockton-on- 

Xees... ... ••• ••• •.. •>. ... •«. ... V y v/Cli. xooh 

Middleton, H., 20, Lynn wood Avenue, Newcastle-upon-Tyne (I lit S M) Jan. 1893 
Middleton, Robert Alexander, 4, Ashville, Skeigoneil Avenue, 

Belfast, Ireland (N A) Oct. 1892 

Millar, Thos., c/o Messrs. Sir W. G. Armstrong, Whitworth, & Co., 

Ltd., Walker Shipyard, Walker-on-Tyne (S) Nov. 1884 

Mills, John, 7, Ledard Street, Langsido, Glasgow (E) Feb. 1888 

Mills, William, Atlas Works, Bonners Field, Sunderland (E) Feb. 1890 

Milton, J. T., Lloyd's Register of Shipping, 2, White Lion Court, 

Cornhill, London, E.C (E SUR) Nov. 1886 

Moffatt, James, 7, Murray's Terrace, Belfast, Ireland (E) I ^^^"^te, Dec. 1889 

^ ' Member, Oct. 1892 

Moffitt, George, c/o Messrs. The Blyth Shipbuilding Co., Blyth ... (S) Oct. 1888 

Moffitt, Robert, 13, Grace Terrace, Sunderland (E) Dec. 1885 



XXIZ 

VLKCTED. 

Moffoot, Alexander, 48, Bedford Street, North Shields (8) Mar. 1898 

Montgomerie, Hugh, 38, King John Terrace, Heaton, Newcastle- 
upon-Tyne (S) Nov. 1897 

Moody, Thomas V., 7, The Grove, Gosforth, Newcastle-upon-Tyne (E) Dec. 1887 
Moore, Frederick, c/o Messrs. Wilson, Sons, & Co., Ltd., Bahia ... (E) Oct. 1890 

Moore, Wm. Henry, 18, George Road, Wallsend-on-Tyne (E) Nov. 1897 

Moorsom, Frederick, Victoria Road, West Hartlepool (S) Feb. 1898 

Morgan, W. H., 22, Rochdale Street, Wallsend-on-Tyne (E) Nov. 1884 

Morison, D. B., 8, Albion Terrace, Hartlepool (E) Feb. 1886 

Mork, Peter, 31, Holsteinsgude, Copenhagen (E) Nov. 1884 

Morrison, Robt., 5, Challoner Terrace, South Sliields (E) Nov. 1886 

Morrison, William, Lloyd's Register of Shipping, Maritime 

Buildings, Dundee (E SUR) Oct. 1890 

Morton, David, 126, Aurelian Terrace, South Shields (S) Feb. 1898 

Morton, Richard Fraser, Lloyd's Register of Shipping, 3, St. 

Nicholas' Buildings, Newcastle-upon-Tyne (E SUR) Oct. 1890 

Mould, Francis H., 36, Salter's Road, Gosforth, Newcastle- r Graduate, Feb. 1892 

upon-Tyne (E)\ Member, Jan. 1897 

Mountain, William Chas., Messrs. Ernest Scott, Mountain, & Co., 

Close, Newcastle-upon-Tyne (E E) Feb. 1889 

Muir, Alfred Edward, 13, Joannah Street, Sunderland (S) Mar. 1893 

Muir, Robert, 11, Clarence Crescent, Whitley, near Newcastle- 
upon-Tyne (SUR) Oct. 1886 

Muir, Robert Home, 1, Lovaine Crescent, NewCiistle-upon-Tyne... (S) Oct. 1892 

Musgrave, Evers, 147, St. Owen Street, Hereford ... (E) / ^^^^"^^e. Nov. 1891 

\ Member, Oct. 189.5 

Myles, David, Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1884 



N. 

Nastoupil, John, Chief Engineer, Austro-Hungarian Navy, Marine 

Casino, Pola, Austria (E) Nov. 1890 

Neill, William Reid, 15, Salem Hill South, Sunderland (E) Dec. 1897 

Kevins, Williaoi, 28, Brookbank Road, Lewisham, London, S.E,... (E) Mar. 1894 

Newton, Richard, Park Square, West Hartlepool (E) April 1889 

Nichol, Bryce G., 84, Third Avenue, Heaton, Newcastle- J Graduate, Oct, 1891 

upon-Tyne (E) (.Member, May 1898 

Nicholls, H. E., 25, Churchill Street, Sunderland (E) Nov. 1893 

Nichols, Walter W., 30, Denmark Street, Gateshead-on-Tyne ... (E) May 1896 
Nicholson, John S., North View, Mowbray Road, Westoe, South 

Shields (E) Nov. 1893 

Nicholson, Joseph Cook, Collingwoo<l Street, Newcastle-upon-Tyne (E) Feb. 1897 
Nicholson, Thos. Head, 90, Rye Hill, Newcjistle-upon-Tyne ... (E) Nov. 1897 
Nicholson, Walter E., Hebburn Boiler Works, Hebburn-on-Tyne (B B) April 1896 
Nicol, John M., 16, Linskill Terrace, North Shields (E) Nov. 1884 

Nicolson, G. C, H.M.S. "Rambler," Surveying Service (£) f ^/^^"^te, Oct. 1886 
' ' ^ f» '\ Member, Oct. 1888 

Noble, George, 7, Dean Street, Newcastle-upon-Tyne (E) May 1893 

Noble, Harry, Northern Machine Tool Works, Brewery Lane, 

Felling-on-Tyne (E) Nov. 1888 

Nodder, Joseph, Ash Lea, Crabtrce, Sheffield (PM) May 1893 
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BLKCTKD. 

Norman, W. S., Orchard House, Whitby, near Chester (E) Nov. 1884 

Norton, Harold P., Engineer Corps U.S. Navy, Washington, 

Noton, F. R., Lloyd's Register of Shipping, Bnte Docks, Cardiff (S) Nov. 1884 
Nuncs, Enrique E., Engineer, Argentine Navy, 433, Calle Aya- 

cucho, Buenos Ayres (E) April 1891 



0. 

O'Halloran, Timothy, 205, Avenue du Commerce, Antwerp, 

Belgium (E) Jan. 1895 

O'Neil, J. J., 2, Erith Terrace, Sunderland (E) Nov. 1884 

Ord, Godfrey C, The Esplanade, Sunderland (E E) Jan. 1897 

Orde, E. L., c/o Messrs. Sir W. G. Armstrong, Whitworth, & Co., 

Ltd., Walker Shipyard, Newcastle-upon-Tyne (E) Oct. 1887 

Oi'lando, Chev. Giuseppe, Canticic Navale, Fratelli Orlando, 

Leghorn ... ... ... ... ... ... (N A) Jan. 1893 

Ormonde, John Grey, 35, I'ercy Gardens, Tynemouth (E) Nov. 1897 

Orr, John, H.Sc (E) Mar. 1897 

Orr, Reginald, Kent Villa, Roxborough Park, Harrow-on- ( Graduate, Mar. 1890 

the-Hill, Middlesex (E) ( Member, Oct. 1892 

Oxley, G., 39, Norman Terrace, Howdon-on-Tyne (S) Nov. 1884 

Oxton, Walter, 96, Blackpool Street, Burton-on-Trent (E) C ^^raduate, Dec. 1890 
* ^ ' ^ ^ I Member, May 1894 

P. 

Pacey, John W., 3, Main Street, Stapenhill, Burton-on-Trent ... (E) Feb. 1888 

Parsons, Ihm. Charles A., Holeyn Hall, Wylam-on-Tyne (E E) Dec. 1887 

Parsons, Harry F., c/o P. Brotherhood, Esq., Belvedere Road, 

Westminster Bridge, London, S.E (E) Dec. 1890 

Pascoe, J. R., Tyrmont, Woodford Green, Essex (Life Member) ... (S) Dec. 1889 

Patterson, Jas., Hawthorndeu, Knock, Belfast, Ireland (E) Nov. 1884 

Pattison, Jos., 123, Bute Road, Cardiff (E) Nov. 1884 

Paulin, William J., 47, Clarence Crescent, Shieldfield, Newcastle- 
upon-Tyne (E) April 1897 

Paulson, John (S) Feb. 1886 

Payne, Henry Fernie, 15, Willowbank Road, Devonshire Park, 

Birkenhead (E) Dec. 1896 

Pearson, James T., 11, Beech Grove Road, Newcastle upon- f Graduate, Nov. 1893 

Tyne (S)\ Member, Dec. 1897 

Penney, R. H., Board of Trade Offices, 79, Mark Lane, London, 

E.G. ... ... ... ... ... ... ... ... (S SUR} Nov. 1884 

Pepper, W., 9, West Villas, Oxbridge Lane, Stockton-on-Tees ... (E) Nov. 1888 
Perrett, Jos. Richard, Victoria Villa, Low Fell, Gateshead-on- 

Tyne (N A) Nov. 1897 

Petei-sen, John L., Havelock House, Victoria Road, West Hartlepool (SUR) Oct. 1888 
Petrco, James, Lloyd's Register of Shipping, Oriel Chambers, 

Water Street, Liverpool (N A SUR) Oct. 1886 

Petrini, Giacomo Luigi, C.E., c/o Messrs. Gio Ansaldo & Co., Sestri- 

Ponente, Italy (N A) Nov. 1892 

Petterson, Carl Edwin, 7, Vestra Hamngaten, Gothenburg, Sweden (E) Oct. 1891 



XXXI 

CT.ECTKD. 

Philipson, Roland, Tynemouth (E) Dec. 1884 

Phorson, P., Glen Lea, Roker, Sunderland (S) Nov. 1884 

Piaad, Leon, Bureau Veritas, 8, Place de la Bourse, Paris (N A) Nov. 1888 

Piercy, Frank, 1, Bolton Terrace, Newcastle-upon-Tyne (E) Dec. 1896 

Pirrie, Norman, Brook House, 10, Wallbrook, London, E.G. ... (E) Nov. 1897 
Pitt, Frederick William, 550. Chester Road, Old Trafford, Man- 
chester (E SUR) Oct. 1890 

Poll, Rodolfo, Chioggia, Italy (N A) Jan. 1890 

Pollard, T., 43, Second Avenue, Heaton, Newcastle-upon-Tyne ... (E) Dec. 1896 
Potts, Cuthbert Ivan, 6, Rodsley Avenue, Gateshead-on-Tyne ... (E) Oct. 1895 
Potts, Robert L., 11, Mount Pleasant, Deptford, Sunderland ... (S) Oct. 1888 
Powell, James Richard, 89, Exchange, Mount Stuart Square, 

Cardiff (C E) May 1894 

Price, F. D., 6, Osborne Villas, Jesmond, Newcastle-upon-Tyne (E It S) Oct. 1888 
Price, John, 6, Osborne Villas, Jesmond, Newcastle-upon-Tyne ... (S) Nov. 1884 

Pringle, Alfred, 10, Somerset Terrace, Walker-on-Tyne (S) { ^/^duate, Dec. 1891 

( Member, Jan. 1894 

Pringle, James G., 10, Somerset Terrace, Walker-on-Tyne (S) Oct. 1892 

Prosser, James, 9, Suffolk Street, Jarrow-on-Tyne (E) Nov. 1893 

Purdon, Andrew S., Messrs. Irvine's Shipbuilding and Dry Docks 

Co., Limited, West Hartlepool (S) Oct. 1892 

Purdy, A. J., Shipyard -Drawing Office, Newport News, Virginia, 

D.D.Ak. ... ... ... ... ... ... ... ••• \ / '^ O V • 10o4 

Purvis, Fred. W., 5, Greatham Terrace, West Hartlciwol (S) April 1893 

Putnam, T., Darlington Forge, Darlington (F M) Nov. 1884 

Q. 

Qnicke, Herbert John, c/o Messrs. Harfield k Co., Blaydon Iron- 
works, Blaydon-on-Tyne (E) Feb. 1891 

R. 

Bamage, J. T., St. Aubyn's, Bennington, Edinburgh (E) April 1887 

Ramage, John Anderson, 74, Glen Terrace, Hebburn-on-Tyne ... (S) Oct. 1892 

Readhead, Jas., Westoe Hall, South Shields (S) Nov. 1884 

Readhcad, John, 4, Salisbury Place, South Shields.. (E) Mar. 1886 

Readhead, R., 28, Sea View Terrace, South Shields (E) Nov. 1884 

Readhcad, W. B., Beach View, South Shields (S) Nov. 1886 

Reavell,W ^E) { f;^^"^*^'^P"1^885 

^ I Member, Oct. 1887 
Reed, James, Messrs. Palmer's Shipbuilding and Iron Co., Ltd., 

Jarrow-on-Tyne (S) Dec. 1897 

Reed, Joseph, Angerton House, North Shields (E) Oct. 1889 

Ree<l, J. W., c/o Messrs. Palmers Shipbuilding and Iron Co., 

Limited, Engine Works Department, Jarrow-on-Tyne ... (E) Nov. 1884 

Recti, Richanl. 56, George Road, Wallsend-on-Tyne (S) Oct. 1894 

Rennoldsun, C, Messrs. J. P. Uennold.son vt Sons, South Shields (S) Jan. 188G 
Renuoldson, Jos. M., Messrs. J. P. Uennoldson & Sons, South Shields (S) Feb. 1886 
Rcnton, John, 1, Akenside Hill, Newcastle-upon-Tyne ... (M SUR) April 1896 
Reynolds, Charles H.,c/o Messrs. Sir W. G. Armstrong, Whit worth. 

& Co., Ltd., Walker-on-Tyne (S) Mar. 1889 

Reynoldu, W, G., 4, Ulfra Terrace, South Shields (E) Oct. 1880 
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UU-}iMP\i'm, Rir Thoma*, B.A., H.F., Hartlepool Engine Works, 

Hartiq-ml (E) April 1888 

Bl-ihar-Iwdj, William, N.^pluiie Works, Walket-on-Tjne (S) Sov. 1884 

lli';luil,y, A, A UlwD.HcliI KnRiiie W-rks, Smideriand (E) Hal. 1888 

Ui'Il'-y, .(, »„ MiMBjit. H. *W.IIuwiliorn, Leslie, & Co., St. Peter's, 

N . ,."M.-u[K,ri.ry(iD (E) Kot. 1881 

1111.!/, .J, H,. J|.:wrii. lUii'j BroH., Stock Wn -on -Tees <B B) Ha; 1893 

Uilwiri, 11,, I^I'</<]'h KuKistcr of Shipping, 29, Ecgent Quay, 

AW.I.«(J (E SUR) Not. 1884 

IliUorj, K. M., cjii J, H. lUIIctt, Esq., 123, Bute Docks, j Qradnate, No*. 1S8T 

('MfUtt (E)i Member, No*. 1893 

B..W.i«-n, William. -20, Croft Avenue, Sunderland ... (El f^'^l'"'*. "»? '88S 
^ ' \Hember, Aprill888 

Il-,l«'(n, «ei,rgo, 9, W.!lllnj(ti.n Tumicu, South Shields <E) Oct. 1889 

IWw.ii.Umrp-, HIJ, Aureilaii Terrace, South Shiel.ifl ... ... (E) Feb. 1896 

lUAnviii, J'.lin H., 11, Hiinliury Avenue. Newi-astle-upon-Tyoe ... (E) ^ot. 1885 

U'-lwm, .1. M„ 4, Al.l«y Termcc, (l;ili>lii.ml-„ii-Tyii,; (E) Nov. 1881 

lUAmm, M„SII, Tavlitlork Pla™, SiiinkTlninl (S) Noy. 188* 

Uol»iri. Niilliiiiilel B„ 11, Tulnl i'lcunant Terrace, Wallsond- J Graduate, Dec. 189* 

"''■Tyi>« (E) t Member, Nov, 1897 

K<r/<r ll.-l.pii,KU«:kt<)iilr.,!i Kuiiii<lry,WertRow.Stirektnri-nii-Tees (E) Nov. 1888 
Uo(("«. l(!rU:it M., UwlclKTe, JJuiliftm Avenue. Bromley, Kent (SUR) April 1869 

Itiilf, (UiitiD-.. a, lteiillii<:k Termi-u, Neweiialie-upon-Tyiie (£ E) May 1893 

ItullMid.Atuxuriiler, Villa Buxic Huwk Fiiaiic, Hung.irj-.. ... (E) Mar. 1892 

llopar ^mpuld, I'alMwOiaDibcni, WcBtminster, London, a. W. ... (NA) Dec 1896 

Biipwr B<iWt, Jim fitotklon-un-Tee« (S) Feb. 1SS< 

JtoHii, Jacob, 1-/II Mewirii, Craijj 4: Taylor, Thornaby Shipyard, 

Ht<,.ktiiii.oti.To.:» (S) Nov, 1897 

IbMitdlhal. JiHiLiU H., Wmi-lvillu, 97, Eltham Eoaii, Lee, Kent ... (E) Dec 1896 

UfMKil. H., Wi, |'nra<li*u Btri'ifl, Liverpool (N A) June 1896 

Id**, CliaiLT.,';/., McniirH. Hmillrn Duck Co., Ltd., North ShieidB... (E) Jan. 1898 

H.«■^ Willliitii, an. M.-iuLw Hide, Dundee (E) May 1893 

J('.>M.-r, W, II,. M'MBrii. riie CaptiiT I'onloon Company, Mount 

Ktuuri ;^.)umi% CardilT (S) Nov, 1893 

lli.waii, .111''.. a;U. Kliiult Hlreet, UliiHKow (E) Nov. 1886 

l(.,«r-ll, IJ. W., a, Arninlroiijt Itoftd, New Heawell, Newcastle- 

''l'""-fy'"= (E) Feb, I88S 

Itijsvcll, FI. I!., OieiiKli llrai!, Jenmunii East Tark, Newcastle-upon- 
Tyne (/.'> ,l/r'"V,-) ■ ... (S) Nov, 1884 

BiimIi'm, [.., I, r^r.pirJcrs.i]! Hrmii, JcBinond, Nowcnstlcupon-Tjne (E> Nov, 1884 

IIubmUI, 1''. l[iil.iTr,tJi'j,i]ii Kiiniiie Works, Sunderland (E) Oct. 1891 

Kiiiberf..rd.(l.,\fi.»^i'.i.M"raiTitllel'ontoonC.i.,Ko,iihltock,(;ar,iiH (S) Oct. )8SG 
Uulberfiiril, J. T., 2, Umlraville Ituad, Itnrriiigny, London i Graduate, Jan. 1886 
(E) j Member, Nov. 18S3 
llyder, C. L., <■!>, iU-iwn. The Univemai Weldless Steel Tube Co., 

CheK(..i(ield (E) Oct. 1886 

Ryd.;r, Willium J. JI., Hurtforci Bridge House. Cramiington, B.S.O, (E) Oct. 1891 



Sttlrartn, 1'., Ti. Tlie l)ak« Went, Siindijrland (E SUR) Not, 1884 

Sambidgc, James, o/o Mensts. J. H. Holmes k Co., Portland Road, 

NewcaHde-upon-Tyno (E E) Not. 1891 
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ELECTED. 

Sandeman, John Watt, 2, St. Nicholas' Builtlings, Newcastle-upon- 

JL^IIC** .•• ••• ••• ••• ••• ••• ... ••• Ib^ v/Ct* XOwA 

Sanderson, Henry Thoniiis Barron, Messrs. Sanderson & Co., High 

Quay, Blyth (E) Oct. 

Sanderson, J., 31, Park Road, Jarrow-ou-Tyne (S) Nov. 

Sandison, M., 12, Beech Grove Road, Newcastle-upon-Tyne ... (E) Dec. 
Sawyers, Jolin, c/o Messrs. Thos. Wilson, Sons, & Co., Hull ... (E) Oct. 

Schaeffer, A. G., 32, Side, Newcastle-upon-Tyne (E) Nov. 

Scotson, Wm., Fair View, Wood Green Road, Wcdnesbury ... (E) Nov. 
Scott, Ernest, Close Engine Works, Newcastle-upon-Tyne ... (E E) Nov. 

Scott, James, c/o Massrs. Consett Iron Co., lUackhill, Co. Durham (E) Oct. 

Bcott, Joseph R., 9, Queen Street, Newcastle-upon-Tyne (E) Oct. 

Scott, Walter, 13, Charlotte Street, Ayr (N A) Mar. 

Scott, William, c/o Messrs. R. «k W. Hawthorn, Leslie, k Co., St. 

Peter's, Newcastle-upon-Tyne (E) Nov. 

Scott, William, 134, King's Road, Cardiff (E) June 

Scurfield, George G., 2, Percy Terrace, Sunderland (E) Mar. 

Seabury, Edward, Burnt Mill House, Harlow, Essex (E) Mar. 

Seaman, C. J., 134, High Street, North Stockton-on-Tees (E) Jan. 

Seaton, Albert Edward, Messrs. Earlc's Shipbuilding Co., Hull ... (E) Jan. 

See, Horace, 1, Broadway, New York City, U.S.A (E) May 

Shahd, H., 39, Holly Avenue, Newcastle-upon-Tyne (E) Nov. 

Sharp, A. E., c/o Messrs. The Peninsular and Oriental Steam 

.^'avigation Co., 122, Leadenhall Street, London (E) Nov. 

Sharp, Mark, 144, Albert Road, Jarrow-on-Tyne (E) Dec. 

Shaw, Jas., 26, Sandhill, Newcastle-upon-Tyne (M SUR) Jan. 

Sheriff, Thomas, c/o Messrs. Robert Mackill & Co., 29, Waterloo 

Street, Glasgow (E) April 

Short, J. Y., 49, West Sunniside, Sunderland (S) Nov. 

Short, Jos., 49, West Sunniside, Sunderland (S) Nov. 

Shotton, John W., 32, Mount Stuart Square, Cardiff (SUR) Nov. 

Shute, A. E.. 12, Clyde View, Partick, Glasgow (E) Dec. 

Sibun, William, Lloyd's Register of Shipping, Bute Pocks, Cardiff (SUR) Mar. 

Sim, John Archibald, 1, South Cliffe, Roker, Sunderland (S) Jan. 

Simpson, Kenneth, c/o Messrs. R. and W. Hawthorn, Leslie, J Graduate, Dec. 

& Co., Shipyanl, Hebburn-on-Tyne (S) ( Member, Oct. 

Sinclair, R., c o Messrs. J. Wildridge & Sinclair, Consulting 

Engineers, 97, Pitt Street, Sydney, N.S.W., Australia ... (C E) Nov. 

Sinton, John K., 26, Sandhill, Newcastle-upon-Tyne (E) Nov. 

Sisson, Wm., Gloucester (E It N A) Oct. 

Sivewright, G. W., 5, Radcliffe Terrace, Hartlepool (S) Nov. 

Skinner, Leslie, Ravensboume Terrace, South Shields (S)-! ., , ' ^ / 

' (.Member, Oct. 

Smith, C. E., Cowesby, Clifton Avenue, West Hartlepool ... (E) Nov. 

Smith, Eustace, 5, Queen Street, Newcastle-upon-Tyne (S) Nov. 

Smith, L. Eustace, 22, St. Mary's Place, Newcastle-upon- ( Graduate, Oct. 

Tyne... ... (E) ^ Member, Oct. 

Smith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds (E) Oct. 
Smith, Thomas Edward, Messrs. John Smith & Sons, Newgate 

Street, Newcastle-upon-Tyne (E) April 

Smith, Wm., 162, Roker Avenue, Sunderland, M (E) Nov. 
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Smith, Wm. Stawart, West Villa, The Green, Wallsend-on- | Graduate, Nov. 1893 

Tyne (S) \ Member, Dec. 1897 

Snook, Francis W. G., 83, Park Road, Newcastle-upon-Tyne ... (E) Dec 1896 
Soliani, Nabor, Col., Direttore del Cantiere Ansaldo, Sestri- 

Ponente, Italy (S) Jan. 1885 

Sowter, Isaac G., c/o Messrs. Samuel F. Hodge & Co., 308, Atwater 

Street, Detroit, Michigan, U.S. America (E) Jan, 1889 

Spark, H. King, Messr.-j. The Anti-Attrition Metal Co., Ltd., 

Emerson Street, Southwark, London, S.E (E) May 1898 

Spear, John, c/o Messrs. T. Wilson & Sons, Hull (E) Oct. 1887 

Spearman, Richard, Eachwick House, Dalton, Newcastle-upon-Tyne (E) Feb. 1889 
Spence, W. G., c/o Messrs. Wigham Richardson & Co., Neptune 

Works, Walker-on-Tync {Life Member) (E) Nov. 1884 

Spencer, J. W., Newburn Steel Works, Newburn-on-Tyne ... (E) Feb. 1886 

Staflford, William, 233, Coats worth Road, Gateshead-on-Tyne ... (E) Nov. 1885 
Staig, William Andrew, Station Road, Wallsend-on-Tyne ... (E) Feb. 1897 

Stansficld, George R., The Grove, Westoe, South Shields (E) Mar. 1891 

Stephen, A. E., Linthouse, Govan, Glasgow (E lit S) June 1896 

Stephen, John Murray, Linthouse Engine Works, Govan, Glasgow (E) Oct. 1895 
Stephens, H. C. J., 94, Fortess Road, Kentish Town, (Graduate, Oct. 1890 

London, N.W (E) t Member, Nov. 1897 

Stephenson, Bernard, 12, Crown Terrace, Anlaby Road, Hull ... (E) Dec. 1896 
Stephenson, C, 2, Elm Terrace, The Green, Wallsend-on-Tyne ... (S) Nov. 1884 
Stevenson, Wm., Bank Chambers, Sandhill, Newcastle-upon-Tyne (E) Nov. 1884 
Stewart, James, 31, Lily Avenue, Jesmond, Newcastle-upon-Tyne (E) Oct. 1890 

Stirling, Andrew, Jun., 1, Green vale Terrace, Dumbarton (E) Feb. 1888 

Stirzaker. J. C, 16, Grosvenor Place, Newcastle-upon-Tyne ... (E) Nov. 1884 
Stoddart, J. E., Lloyd's Register of Shipping, White Lion Court, 

Cornhill, London, E.C (E SUR) Oct. 1888 

Stoddart, Swinton, 24, North Milburn Street, Sunderland (S) | ^J^^**®* ^ay 1885 

^ M Member, Nov. 1892 

Stokoe, Thomas W., 55, Northcote Street, South Shields (S) Dec. 1885 

Stroughair, John W. H., 93, Meldon Terrace, Heaton, Newcastle- 
upon-Tyne .. (E) Nov. 1894 

Summers, James, 114, Grange Road West, Middlesbrough ... (E) Mar. 1889 

Surtees, Francis V., Westfield, Renfrew (S) Dec. 1892 

Surtees, R., Frame House, Low Teams, Gateshead-on-Tyne ... (E) Nov. 1884 

Swan, A. S., Grove House, Gosforth, Newcastle-upon-Tyne ... (S) Nov. 1888 
Swan, Charles Sheriton, c/o Messrs. C. S. Swan & Hunter, ( Graduate, Nov. 1890 

Wallsend-on-Tyne (S) | Member, Mar J-a94 

Swan, H. F., North Jesmond, Newcastle-upon-Tyne .. ... (S) Nov 4 

Swinburne, M. W., 117, Park Road, Newcastle-upon-Tyne ... (E) No' 

Swinburne, T. M., Bewick Road, Gateshead-on-Tyne (E) Jar 

Swinney, W., 10, Wcntworth Terrace, Westoe Lane, South Shields (E) Dec 

Sydserff, Thomas B.,. Jun., 2, Claremont Villas, Tottcrdown, Bristol (E) Oct 

Sy me, James, Fairfield Works, Govan, Glasgow (E) Oc >".^ 
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■LBOTED. 

Tate, Chas. H., 7, Side, Ncwcastle-iipon-Tyne (N A) Nov. 1884 

Taylor, Alexander, Maritime Buildings, King Street, Newcastle- 
upon-Tyne (E) Nov. 1884 

Taylor, John, 1, St. Alban*s Place, Tynemouth (E) Dec. 1894 

Taylor, J. W. H. Maxwell, 5, East Parade, Newcastle-upon-Tyue (E) Feb. 1898 

Teasdale, John, 13, Wantlsworth Road, Newcastle-upon-Tyne ... (E) Mar. 1898 

Thompson, Arthur E., 19, The Crescent, Gateshead-on-Tyne ... (E) May 1898 

Thompson, Charles, M.A., 33, Mosley Street, Newcastle-upon-Tyne (E) Feb. 1887 
Thompson, C. E., Messra. J. L. Thompson & Sons, North Sands, 

Sunderland (S) Nov. 1884 

Thompson, Chas. Henry, 36, Carlton Street, West Hartlepool .. (S) Feb. 1898 

Thompson, Jas., 2, Carlton Terrace, Sunderland (E) Dec. 1886 

Thompson, John Augustus, 12, London Street, Fenchurch Street, 

London, E.C (E lit N A) Oct. 1892 

Thompson, J. L., North Sands Shipyard, Sunderland (S) Nov. 1884 

Thompson, Robert, North Sands Shipyard, Sunderland (S) Nov. 1884 

Thomson, James, M.A., c/o Messrs. Sir W. G. Armstrong, Whit- 
worth & Co., Ltd., Ordnance Works, Elswick, Newcastle- 
upon-Tyne (EltNA) Nov. 1890 

Thorn, W. H., 6, Waterville Terrace, North Shields (E) Nov. 1884 

Thornton, James, 4, Croft Villas, Jarrow-on-Tyne (E) April 1893 

Thornton, Thomas Lee, 45, Northcote Street, Newcastle-upon-Tyne (E) Feb. 1898 

Tinn, Fred. D., 2, Sunningdale TeiTace, South Shields (E) Nov. 1891 

Tinn, George, 206, Cardigan Terrace, Gateshead-on-Tyne (E) Dec. 1897 

Tocher, J. W., c/o Messrs. Wallsend Slipway and Engineering Co. 

Co., Wallsend-on-Tyne (S) Mar. 1898 

Todd, John P., 13, Chatsworth Street, Sunderland (E) Dec. 1897 

Toovey, Alfred F., Ovington Cottage, Prudhoe, Northumberland (E) Dec. 1894 

Towers, Edward, Jun., 4, Latimer Street, Tynemouth (E) f Graduate, Nov. 1886 

•^ ^ ^ I Member, Oct. 1888 

Trail, John, 21, Grosvenor Place, Jesmond, Newcastle-upon-Tyne (MS) Oct. 1892 

Traill, Robert, 8, Newcastle Street, North Shields (E) Oct. 1896 

Trechmann, J. E., c/o Messrs. Otto Trechmann, Ltd., West 

Hartlepool (E) Feb. 1898 

Trewent, F. J., 43, Billiter Buildings, Billiter Street, London, 

Jfi.v/. ... ... ... ... ... ... ... ... .. v^y UeCa l004 

Trowell, Wm. John, Board of Trade Surveyor's Offices, Custom 

House, Arcade, Liverpool (E) Oct. 1894 

Turner, 8. J., 71, Warwick Street, Heaton, Newcastle-upon-Tyne (E) Mar. 1887 
Turpie, David Whyte, c/o Messrs. W. Pickersgill & Sons, South- 
wick, Sunderland (S) Dec. 1895 

Tuxen, Holger, Bureau Veritas Register of Shipping, Custom 

House Court, Quayside, Newcastle-upon-Tyne (S) Nov. 1896 

Twaddell, James L., 4, St. John's Terrace, Jarrow-on-Tyne ... (S) Oct. 1891 

Tweedy, J., Neptune Works, Walker-on-Tyne (E) Nov. 1884 

Twigden, George J., c/o Messrs. Hick Bros., 37, Mount Stuart 

Square, Cardiff (E) Jan. 1890 

Tjzack, George, Dean Street, South Shields (E) April 1888 
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■LXOTBD. 

Qllstrom, Otto, 84, T^adenhall Street, London, E.C (S) Nov. 1884 

Ulm, John, The Arsenal, Pola, Austria (E) Not. 1886 



V. 

Vianson, N. E., vi/i Corsica 20/5, Genoa, Italy (E) Dec. 1886 

Vick, R. W., Messrs. Furness, Withy «k Co., Middleton Shipyard, 

West Hartlepool (S) Nov. 1888 

Vivet, Leon, 25, Hue dc Pornichet, St. Nazaire, France (N A) Nov. 1892 



W. 

Wada^aki, Yasuzo, Union Ironworks, San Francisco, California... (E) Jan. 1891 
Wait, Thomas Herbert, Cail's Builtlings, Quayside, Newcastle- 
upon-Tyne ... ... ... ... ... ...(C E) Dec. 1893 

Wake, Tom, 2, Cliff Terrace, Hartlepool (E) April 1892 

Wakehnm, John F., 38, King John Street, Heaton, N ewcastle- r Graduate, Mar. 1893 

upon-Tyne (S) \ Member, Oct. 1895 

Walker, Archibald, U3, Leith Walk, Leith, N.B (E) April 1887 

Walker, Charles J., Elswick Works, Newcastle-upon-Tyne ... (E) Jan. 1898 

Walker, Henry, 11, Oxford Terrace, Gateshead-on-Tyne (E E) Feb. 1893 

Walker, John, c/o Messrs. R. Stephenson «k Co., Limited, South 

Street, Newcastle-upon-Tyne (E It S) Nov. 1891 

Wallau, J., 68, Coats worth Road, Gateshead-on-Tyne (E) Nov. 1884 

Waller, Thomas Naunton, 10, Holly Avenue, Jesmond, Newcastle- 
upon-Tyne ... (E) May 1898 

Walliker, J. F., Lloyd's Register of Shipping, Bute Docks, Cardiff (E) Nov. 1885 
Walliker, John George, c/o Messrs. Hodges & Walliker, Barry 

Docks, South Wales (E) May 1896 

Wallis, Robert. Wh.Sc, Point Pleasant House, Wallsend-on-Tyne (E) April 1891 
Walter, Max, Norddcutscher Lloyd, Central Bureau, Bremen ... (S) Feb. 1893 

Walton, J. G., 26, Fenchurch Street, London, E.C (E) Nov. 1884 

Walton, Samuel, 34, Pollard Street, South Shields (E) Dec. 1893 

Warburton, J., 4, Beauclerc Terrace, Sunderland (S) Nov. 1884 

Warburton, John Arthur, 47, Harrogate Street, Sunderland r Graduate, Mar. 1894 

(E) 1 Member, Nov. 1896 

Ward, John, c'o Messrs. W. Denny & Bros., Dumbarton (S) Dec. 1891 

Ward, Mark ^^, 95, West Percy Street, North Shields (E) Dec. 1893 

Wardale, Henry, 5. Collingwood Terrace, Gateshcad-on-Tyne ... (E) Feb. 1888 
Warden, Thomas M., 21. Windermere Street, Gateshead-on-Tyne (E) Oct. 1894 
Watson, Thomas Henry, 10, Neville Street, Newcastle-upon-Tyne (SUR) Jan. 1896 

Watts, Philip, Elswick Shipyard, Newcastle-upon-Tyne (S) Nov. 1885 

Wedsrwood, Josiah, c/o Messrs. Armstrong, Whitworth, & Co., 

Elswick Shipyard, Newcastle-upon-Tyne (N A) Nov. 1897 

Weidemann, Nils, Det-Norske Veritas, Christiania, Norway ...(SUR) Jan. 1892 
Weighton, R. L., M.A., Durham College of Science, Barras Bridge, 

Newcastle-upon-Tyne (E) Nov. 1884 

Weir, George Dobie, Northumberland Engine Works, Wallsend- 
on-Tyne (E) Oct. 1894 
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Weir, John, c/o Messrs. J. Scott & Co., Abden Works, King- 

hom, N.B. ... ... ... ... ... ... ... ... (E) Nov. 1884 

Weir, William, c/o Messrs. Wigham Richardson & Co., Walker- 

on-Tjne ... ... ... ... ... ... ... ... (E) Nov. 1889 

Welton, J. G., 12, Hendon Valley Road, Sunderland (E) Nov. 1893 

West, Henry H., British and Foreign Chambers, 5, Castle Street, 

Liverpool (E It N A) Oct. 1886 

Westgarth, Tom, Messrs. Sir C. Furness, Westgarth, & Co., 

Middlesbrough (E) Oct. 1886 

Westmacott, Alfred, Benwell Hill, Newcastle-upon-Tyne (E) \ Graduate, Dec. 1885 

1 Member, Nov. 1892 

Westmacott, P. G. B., Benwell Hill, Newcastle-upon-Tyne ... (E) Nov. 1884 

Wheater, Chas. Busfield, 14, York Street, Newcastle-upon-Tyne... (E) Oct. 1894 

White, C, 13, Mosley Street, Newcastle-upon-Tyne (E) Nov. 1884 

White, Ernest T., 1, Camborne Place, Gateshead-on-Tvne (E) [Graduate, May 1889 

C Member, Jan. 1894 

White, R. Saxon, Messrs. Sir W. G Armstrong, Whitworth, & Co., 

Ltd., Walker Shipyard, Walker-on-Tyne (S) Nov. 1884 

Whitfield, Thomas, Messrs. Tyne Dock Engineering Co., South 

Shields (E) April 1896 

Whittaker, Frederick W., Dockyard, Coburg Dock, Messrs. Mersey 

Docks and Harbour Board, Liverpool (E) Oct. 1892 

Whyte, Wm., b, Lombard Street, Newcastle-upon-Tyne (E) Nov. 1884 

Widdas, T. D., 56, Plasturton Avenue, Cardiff (SUR) April 1885 

Wilkie, J., 24, Camden Street, Southwick, Sunderland (E) Nov 1884 

Willcox, Henry Walker, 68, John Street, Sunderland (C E) Nov. 1897 

Willcox, Percy F. C, 68, John Street, Sunderland (C E) Nov. 1897 

Willcox, R. J. N., c/o Mrs. Stafford, 15, Lennox Street, f Graduate, Mar. 1892 

Middlesbrough (E) I Member, Dec. 1897 

Williams, Thomas R., Chantiers, Navals de Nicolaieff a Bouffioulx, 

Chatelineau (Hainaut), Belgique (S) Oct. 1895 

Wilson, Alfred C, B.Sc, 1, Bank Terrace, Wallsend-on-Tyne ... (E) Feb. 1898 
Wilson, Henry J. H., 117, Bede Burn Road, Jarrow-on-Tyne ... (E) Nov. 1895 
Wilson, James, Messrs. T. Richardson & Sons, Hartlepool Engine 

Works, Hartlepool ... (E) .fan. 1896 

Wilson, John Paul, Messrs. Palmer's Shipbuilding Co., Jarrow-on- 

xyne... ... ... •>. ••• ••. ••• ••• ... (9i v/Cv. xo«/0 

Wimble, Arthur, c/o Messrs. Boyd & Co., Limited, Shanghai, China (E) Dec. 1893 
Winstanley, P. D., Bureau Veritas Register of Shipping, 155, 

Fenchurch Street, London (S) Nov. 1884 

Winter, Thor., Aktiebolaget Sandvikens Skeppsdocka och mek- 

aniska verkstad, Helsingfors, Finland (E) Nov. 1893 

Withy, H., Middleton Shipyard, West Hartlepool (S) Nov. 1884 

Wood, Henry Alfred, Oakfield Road, North Ormesby, Middles- 

brough-on-Tees (S) Dec. 1893 

Wood, John Scott, 6, Eslington Terrace, Newcastle-upon- J Graduate, Oct. 1891 

Tyne (S) \ Member, Oct. 1896 

Wood, Joseph, Foundry Manager, Deptford Yard Brass Works, 

Sunderland... ... ... ... ... ... ... ... (E) Mar. 1895 

Wood, William, 6, Eslington Terrace, Newcastle-upon-Tyne ... (S) Nov. 1897 
Wortley, Henry B., 23, Bedford Road, Rock Ferry, Birken- j (Jraduate, Jan. 1886 

head (S) I Member, Nov. 1892 
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Wmy, rUnuiM W., Bonn! of Tnyle Offices, Sunderland (SUR) Jan. 1895 

Wright, U., r>, Ihiwlhoni TcrmtJc, Newcastle-upon-Tyne (E) Nov. 1884 

Wright., WllHam (niarlcH, Lynnflcld, Norton, Stockton-on-Tees ... (E) Feb. 1898 

Wyarid, Knjdcrick VV., 13, Kldon Street. Newcastle-upon- j Graduate, Oct. 1894 

Tyn« (E E) i Member, Jan. 1898 



Y. 

YomiK, Andrew, liumiu VcritAH Uej^istcr of Shipping, 156, I Graduate, Feb. 1892 

Konrhiiicli Hfrot-t, London, K.C (S) \ Member, May 1893 

Yotinj^, . I. Dndiolni, JJA, Towor ('hambci-s, Liverpool (E) Oct. 1888 

YoufiK«'r, II., Klmirc Houho, llcaton, Newcastle-upon-Tyne ... (E) Nov. 1884 

Z. 

Z<ifirrian, J. IL, 5, WillomHpIcin, Rotterdam (S) Oct. 1889 



ASSOCIATES. 
A. 

AndnriMin, DaiiinI (1., c/o MoHHrH. W. Angus k Co., Grainger Street 

Wont, Nowciintlo-upon-Tync (A) Nov. 1893 

A rmMronir, H., fliuu'oiHllcId H! root, Hartlepool (A) Nov. 1888 

Arfioll, .lariu'w, 25, |)rjin StiT(?t, Ncwcastlc-upon-Tyne (8 O) Oct. 1895 



B. 

Bft/!on, Willifim (MuiHch, (Jhiulwi('k Houbc, West Hartlepool ... (S O) Dec. 1890 
Bull, AlfriMl F., II, liJin«lH«l«)Wiic Terrace, Gosforth, Newcastle- 

upoii-Tynn (A) Nov. 1894 

Barkhim. (Jno^^r.., \i\7, Diidlry Port, Tipton, Staffordshire ... (A) April 1888 

Barr, .folm HiiiiMi, 10, Broad Cliare, Quoyside, Newcastle-npon- 

Tyno (A) Nov. 1893 



Barwick, J. H., AHhhrrwik Gningo, Sunderland 
B<!ll, Alfnid, II, ()Hl>orMe Terrace, Newcastle-upon-Tyne 
Boll,.). H., Nothcrhall, Lcnzie, Dumbartonshiic ... 
BijyiKJii, Thoinan, 1>, l)ea!i Street, Newcastle-upon-Tyne 
BiKJ^n, (J. W., N<»rtliern Counties Club, Newcastle-upon-Ty 
iHii^ham, (y()l. .1. K., Manufacturer, West Lea, Sheffield .. 
Bird, William, H, Latimer Street, Tynemouth 



Blacrkliii, Uiehard James, Dinsdale House, Brougham Terrace, 



...(SO) Nov. 1884 

... (S O) Nov. 1897 

(I A 8 M) Oct. 1887 

... (E A) Oct. 1891 

ne ... (A) Dec. 1889 

... (M) Mar. 1895 

... (A) May 1896 



...(S O) Dec. 1890 
... (S O) Dec. 1886 



West Hartlepool 

BriggM, 11. S., Moorlands, Sunderland 

BrimM, D. N., 4, St. Nicholas' Buihlings, Newcastle-upon-Tyne ... (C) Nov. 1893 
Brown, Percy Ledger, 1, St. Nicholas* Buildings, Newcastle- 

ui)on-Tyne (E A) Oct. 1896 

Brun ton, John, 3, Prior's Terrace, Tynemouth (S O) Oct. 1886 

BuUen, Tempest C, c/o Messrs. H. E. Moss & Co., K, Exchange 

Buildings, Newesistle-upon-Tyue (S O) Nov. 1891 



c. 

BLKCTXD. 

Caminos, T. L., Overseer, Argentine Navy, 47, Chester Street, 

Birkenhead... ... ... ... ... ... ... ... June 1896 

Carr, Ralph, Thomleigh, Clayton Road, Newcastle-upon-Tyne (A It S O) Nov. 1886 
Cassap, William, 15, East Field Road, Walthamstow, Essex ...(SUR) Feb. 1890 

Caws, Frank, 22, Fawcett Street, Sunderland (C E) Oct. 1892 

Cay, Arthur, Messrs. Cay, Hall, & Co., Queen Street, Newcastle- 
upon-Tyne (SO) Nov. 1884 

Coates, Henry, Hamburg Chambers. Newcastle-upon-Tyne ...(SUR) Nov. 1897 

Cohan, Edward Asher, 2, Rumford Place, Liverpool (SO) Nov. 1889 

Cooper, Charles, Average Adjuster, Wellington Road, West 

Hartlepool (A A) Aprill893 

Corbitt, Michael, Springfield, Gateshead-on-Tyne (R M) Jan. 1890 

Cory, John, Cardiff (S O) June 1896 

Coull, John, Baltic Chambers, Quayside, Newcastle-upon-Tyne ... (S O) Oct. 1886 
Coverdale, R. H., Messrs. J. Coverdale & Sons, Steamship Owners, 

West Hartlepool (SO) Nov. 1888 

Craik, A., Messrs. Blyth Dry Dock, Limited, Blyth (A) June 1896 

Crawford, Thomas, 10, Haldane Terrace, West Jesmond, 

Newcastle-upon-Tyne (A) Oct. 1896 

Crosier, Edward James, 3, The Hawthorns, East Boldon (A) Oct. 1889 

CuUiford, J. H. W., 46, West Sunniside, Sunderland (S O) Nov. 1884 

D. 

Dodds, E. F., 36, Side, Newcastle-upon-Tyne (A) Nov. 1893 

Dodds, John B., 36, Side, Newcastle-upon-Tyne (CHEM) Oct. 1888 

Donkin, Geo., Jun., 50, Grove Street, Newcastle-upon-Tyne ... (A) April 1897 
Dove, Edward John, 5, Si. Nicholas* Buildings, Newcastle-upon- 
Tyne (M) Oct. 1890 

E. 

Eccles, Edward, Royal Insurance Buildings, Queen Street, New- 
castle-upon-Tyne {Life Associate) (S O) Oct. 1887 

F. 

France, James A., St. John Street, Newcastle-upon-Tyne ... (M) Jan. 1898 

Frazer, Joseph S., Britannia Buildings, Cardiff (M) June 1896 

FumesB, Sir Christopher, Baltic Chambers, West Hartlepool ... (S O) Oct. 1888 



G. 

Graham, Frank, Bank Chambers, Mosley Street, Newcastle-up>on- 

Tyne ... ... ... ... ... ... ... ... (E A) Nov. 1891 

H. 

Hardy, John, Jun., Brunswick Street, West Hartlepool (I M) Nov. 1893 

Harland, George, 1, Westoe Crescent, South Shields (A) Dec. 1888 

Hfrriaon, Samuel Turner, The Green, Wallsend (A) Nov. 1897 
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Jlarrii»'/ii, Tlioiiia»s, i), Uridine Street, Sunderland (A) Etec. 1S94 

Ht'AUty, .lolin H., 10, KMplaiiiule West, Sunderland (S) Dec 1886 

litm7.*'\\, Unhurt, 4JJ, Handernon Road, Newcastle-upon-Tyne {Life 

Affinria/r) ... ... ... ... ... ... ... ... (A) Xov. 1893 

H<rnlop, Uirliurd ()., AkenHi<Io Hill, Newcastle-upon-Tyne... (I li S M) Oct. 1885 
Jlodj/«i, W. r,,(!/o M(rMMrH. John Cory & Sons, Mount Stuart Square, 

iUtnliiJ (M S) Mar. 1896 

M«/|/tr, .lolifi ThoinaH, Tynenido IJrass Works, Barry Docks, South 

V/n\v.H (I * S M) Aprill896 

Holllduy, ll«'iiry, B<?<«rhjjrrove, lUaekhill, Co. Durham (A) Nov. 1895 

II'/IIU, If. K., 40, Union HI n-et, (Jlasn^ow (Ill S M) Feb. 1885 

Miidxon, Itiilpli M., .Inn., H, The ('edars. Sunderland (S O) Dec. 1886 

llud»KMi, Uol»<Mt, 24, lIolHpur Street, Tyncmouth (A) Nov. 1895 

Miintin^/, Charlc.H H., I, Kxcliiin^'e Huildings, Quayside, Newcastle- 

u|M»n-Tyiut C^ O) Aprill886 

lliinidrtll, Hldnny K,, I'rlntinj; Court Chambers, Newcastle-upon- 

lyiHiiii ,1, ,,i ,.■ ... ... ... ... ... \"/ ■JWOV. XOalv 

I. 

IntHtu, Churh'H II., Uutherford College, Newcastle-upon-Tyne ... (E) Oct. 1891 

J. 

,U'hk\iin, Alfu'd, <• o M«MHrM. T\w Mi'icjintile Dry Dock Co., Jarrow- 

oM-TyiK? ... ... ... ... (A) Nov. 1893 

Jol/KOM, W. .1,, <'/o MrHMrM. Uolx'rt Sti^phenHon Sl Co., South Street, 

N«:W('aMlh:-iipoM-ryn(! (A) May 1889 

♦loidiui, .jolm (i<!orK«', 21, HtaiiHllold Street, Sunderland (A) Nov. 1892 

K. 

K«Miip, .laincH, nullie ChiunlxMH, Nowcastle-iipon-Tyne (SO) Feb. 1896 

Kni'lt, .lanieH, I'nidtiiliul HiiildiiiKH, Newcastle-upon-Tyne ... (SO) Dec. 1896 

L. 

Lloyd, .lohn, Dcptford Shipyard, SuiuUTlarid (A) Oct. 1894 

L<»rrkl«', .lohn, Hank ('liaiiibcrH, Sjindliill, Newcastle-upon-Tyne ... (S O) Oct. 1892 
L<»»lwid^^<!, I'hilip, Halt ii" Chambern, Sunderland (A) June 1896 

M. 

Macartliy, (ieorge K., 9, Dean Street, Newcastle-upon-Tyne ...(S O) Oct. 1887 

Mail, Doiigla.s B., 14, HunilihMon View, Sunderland (M S) Feb. 1895 

Maughan, William, 1.'^ Mosley Street, Newcastle-upon-Tyne ... (A) Feb. 1887 

Mctlntosh, U. Y., 34, Dean Street, Newcastle-upon-Tyne (E A) Nov. 1891 

Mclntyre, John, 3, Abbotsford Terrace, Newcastle-upon-Tyne ... (S O) Jan. 1886 

Meek, John Cieorge, 13, IJelle Vuc Park, Sunderland (A) Dec. 1894 

Mili)urn, .1. !)., Queen Street, Newcastle-upon-Tyne (S O) Nov. 1884 

Miller, T. U., 9, Great St. Helen's, London, E.C (A * S O) Nov. 1884 

Mitcalfe, John Stanley, Chairman of Northern Maritime Insurance 

Co., Maritime Buildings, Newcastle-upon-Tyne ... (A It S O) Jan. 1892 



GLECTEb. 

Morton, Benjamin, 18, St. George's Square, Sunderland (SUP) Dec. 1895 

Muir, James, 2, Diugle Lane, Liverpool (M S) Nov. 1893 

Mulherion, G. F., 3, Rothbnrj Terrace, Heaton, Newcastle-upon- 
Tyne ... ... ... ... ... ... ... ... (A) Nov. 1884 

MuUer, J. C. F., 28, Vieille Route, Antwerp (SUR) Feb. 1890 

Murray, Matthew, The Green, Wallsend-on-Tyne (A) Nov. 1893 

N. 

Neilsen, Hans Christian, 12, Cliff Terrace, Hartlepool (S O) Feb. 1898 

Nicholson, John, 7, Side, Newcastle-upon-Tyne (MS) Nov. 1890 

Nixon, John, c/o Messrs. Blyth Shipbuilding Co., Blyth (A) Oct. 1894 

O. 

O'Hagan, James, 99, Quai de la Fosse, Nantes, France (A) Oct. 1888 

Olsen, Hans Benedick, 70, Church Street, West Hartlepool ...(SO) Mar. 1893 
Osboume, Jas., 11, The Oaks, Sunderland (S) Jan. 1885 

P. 

Park, Robert, Lauriston, Blackhill, Co. Durham (A) Dec. 1897 

Patterson, Thos., 2, The Elms, Sunderland (S) Jan. 1885 

Petersen, Ferd. William, Messrs. Petersen k Tate, Bank Chambers, 

Sandhill, Newcastle-upon-Tyne (S O) Nov. 1893 

Phalp, Oliver, Almora, 37, Richmond Road, Cardiff (SUR) Feb. 1889 

Pinkney, Thomas, 3, Ashbrook Terrace, Sunderland (SO) Dec. 1886 

Proctor, J. H., 22, Hawthorn Terrace, Newcastle-upon-Tyne ... (I M) Nov. 1893 

R. 

Radloff, Captain O., c/o Messrs. Russian Steam Navigation Co., 

Odessa ... ... ... ... ... ... ... ... (M S) Nov. 1891 

Raine, John, Baltic Chambers, Sunderland (S O) Nov. 1897 

Ramsay, J. W., 13, Northbrook Road, Lee, Kent (A) Feb. 1885 

Reichwald, A., Lombard Street, Newcastle-upon-Tyne (A) Nov. 1884 

Reid, Sidney, Printer, Akenside Hill, Newcastle-upon-Tyne ... Nov. 1884 

Ren wick, G., Messrs. Fisher, Ren wick, & Co., Maritime Buildings, 

King Street, Newcastle-upon-Tyne (SO) Nov. 1884 

Riddle, John C, c/o Messrs. Walker & Hall, 8, Gordon Street, 

Glasgow (A) May 1896 

Robson, Frederick, 46, Dean Street, Newcastle-upon-Tyne (SIM) Oct. 1887 

Robson, John William, o, King Street, Newcastle-upon-Tyne ... (M) April 1896 

Kobson, Thos., Causeway House, Sunderland (S O) Nov. 1884 

Runciman, Walter, Fernwood House, Clayton Road, Newcastle- 
upon-Tyne (S O) May 1895 

S. 

Scholefield, A., 17, Sandhill, Newcastle-upon-Tyne (SO) Nov. 1884 

Scott, W. H., Messrs. Scott Brothers, 46, Sandhill, Newcastle-upon- 
Tyne... ... ... ... ... ... ... ... ... (S O) Nov. 1884 

Snowdon, W. F., 2, Side, Newcastle-upon-Tyne (E A) Dec. 1886 
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XLiccritD. . 
Squancc, J. W., 13, The Avenue, Sunderland (M S) Aprill888 

Storey, Christopher, 28, Holly Avenue, Jesmond, Newcastle-upon- 
Tyne... ... ... ... ... ... ... ... ... (A) April 1896 

Sutherland, Arthur M., 7, Collingwood Terrace, Newcastle-upon- 
Tyne (S O) Nov. 1897 

Swan, Isaac J., Grove House, Gosforth, Newcastle-upon-Tyne ...(SO) Feb. 1888 



T. 

Tate, Arthur, Messrs. Petersen k. Tate, Bank Chambers. Sandhill, 

Newcastle-upon-Tyne (O) Nov. 1893 

Thompson, V. T., Baltic Chambers, Sunderland (S O) Dec. 1886 

Todd, John Stanley, Percy Park, Tynemouth (U) Nov. 1896 

Towers, Edward, 4, Latimer Street, Tynemouth (A) Oct. 1888 

Trechmann, Otto K., Church Street, West Hartlepool (SO) Oct. 1896 

Turner, Edwin, 32, Powell Road, Clapton, London, N.B (A) Oct. 1896 



W. 

Wait, James, Maritime Buildings, King Street, Newcastle-upon- 
Tyne (SO) Nov. 1884 

Walker, Jameis, 87, Jesmond Road, Newcastle-upon-Tyne (S O) Mar. 1894 

Watson, Thomas W., Gisburn House, Hartlepool (M S) Nov. 1890 

Weatheral, Henry, 27, Alderson Street, West Hartlepool (A) Feb. 1893 

Whitfield, John, Blyth (8) Nov. 1896 

Wight, Robert M., 42, The Exchange, Cardiff (M) June 1896 

Wilson, F. Alfred, 45, West Sunniside, Sunderland (I M) Nov. 1893 

Winstanley, Robt. Hope, 8, Kenil worth Road. Newcastle-upon-Tyne (A) Nov. 1897 
Winter, Edward G., 10, Lincoln Terrace, Gateshead-upon-Tyne ... (A) May 1898 



Y. 

Yeoman, P., Messrs. Murrell & Yeoman, West Hartlepool ...(SO) Nov. 1888 

Younger, Robert Laurie, Messrs. Greenock Steamship Co., Limited, 

Greenock (A) Feb. 1889 



GRADUATES. 



A. 



Adams, Jaa. Wilson, 8, Belle Vue Terrace, Gateshead-on-Tyne ... (E E) Nov. 1897 

Adamson, Charles P., High Street, Yarm-on-Tees (E) Nov. 1897 

Andrew, David, Jan., 33, Osborne Road, Newcastle-upon-Tyne ... (E) Oct. 1891 

Andrew, John Davis, S3, Osborne Road, Newcastle-upon-Tyne ... (E) Jan. 1898 

B. 

Barbour, John, 1, Logan Terrace, South Shields (E) Nov. 1890 

Beilby, Norman Harry, 1, Kingsley Place, Heaton, Newcastle- 
upon-Tyne (E) Dec. 1893 



xliii 



Bentham, Frederick Lister, 9, Bellegrove Terrace, Newcastle 

U pOD * X yUG a. I ••■ ... •«• ••• ... ••• •• 

Binns, Aubrey B., 23, Thorn hill Terrace, Sunderland 

Bocler, Harry, 20, Briery Vale Road, Sunderiand 

Bolam, J. H., 46, Northumberland Street, Newcastle-upon-Tyne.. 
Borthwick, Robert J., 8, Kensington Terrace, Newcastle-upon- 

•1 Y UW m 9 • ••• ••• ••• ••• •#• ••• •*• t« 

Boswell, Cecil Robert, Frances Villa, Highfield Road, Dartford .. 

Bowden, John, Sheriff Mount, Gateshead-on-Tyne 

Brigham, Malcolm, Westoe Tower, South Shields 

Brown, Thomas Scott, Jun., 18, Nixon Street, Newcastle-upon 

^ Y U.W •■• ••• ••■ ••■ ••• ctt ••• •■ 

Buchanan, Samuel, Jun., 51, Welbeck Road, Walker-on-Tyne .. 

Bulmer, Albert Edward, 1, Graingerville North, Newcastle-upon 

xyne««« «•• .«• ••• ••• ..i ••• ••• •• 

Bulmer, Septimus, 1, Graingerville North, Newcastle-upon-Tyne 
Burbidge, Alfred H., 15, North View, Heaton, Newcastle-upon 

X Y Uw ••• ••• ••• ••• ••• ••• ••• ••• •• 

Bum, Donald B., 7, The Elms West, Sunderland 



ELECTED. 

(E) Dec. 1892 

(E) Oct. 1894 

(N A) Mar. 1898 

(E) Nov. 1897 

(E) Dec. 1894 
(E) Nov. 1893 
(E) Jan. 1894 
(E) Mar. 1898 

(E) Oct. 1895 
(S) Feb. 1897 

(E) Nov. 1895 
(E) May 1894 

(E) Oct. 1895 
(S) Nov. 1893 



C. 

Canning, Chas. E., 31, Park Crescent, North Shields 

Carpmael, Richard Herbert, Ordnance Department, Elswick 
Works, Newcastle-upon-Tyne 

Carr, Ralph, Jun., Thomleigh, Clayton Road, Newcastle-upon-Tyne 

Carter, Thomas, 6, Larkspur Terrace, Newcastle-upon-Tyne 

Chapman, John Frederick, 70, Lovainc Place, Newcastle-upon-Tyne 

Coatsworth, George S., Oaks West, Sunderland 

Coulson, Richard H. A., 12, East View, South Shields 

Craggs, Adolphus, Ivy House, Pelton, Chester-le- Street 

Crawford, J. F., '* Palmyra," St. George's Road, Waterloo, near 

XjlV6fliOvl ••# ••• •■■ •>« ••• ••• ••• ••• 

Crombie, W. Alan D., Park House, North Berwick 

Currie, Hugh B., 41, Eldon Street, Newcastle-upon-Tyne 



(S) Dec. 1897 

(E) Jan. 1893 
(E) Jan. 1894 
(E E) Oct. 1896 
(E E) Dec. 1895 
(E) Nov. 1891 
(E) April 1897 
(E) Dec. 1897 

(E) Nov. 1893 

(E E) Oct. 1894 

(E) Nov. 1897 



D. 

Dalziel, E., 97, Sandy ford Road, Newcastle-upon-Tyne 

Davison, William H. G., 17, Lovaine Place, Newcastle-upon-Tyne 
Dickie, James, Jun., 18, Brinkburn Terrace, Westoe South Shields 
Dickie, John P., 18, Brinkburn Terrace, Westoe, South Shields ... 
Dixon, John Wm., 7, Belle Vue Terrace. Gatcshead-on-Tyne 
Dixon, William John, H.M.S. "Renown," North American 

fc?vAl*10U ••• ••« ••• ••• ••• ••• ••• cat 

Dobson, William Gordon, The Chestcrs, Jesmond, Newcastle-upon- 

J J U6 ••• ••• ••# ••• ••• ••• • 9 • ••• ••• 

Dodds, John Hanbury, National Provincial Bank, Redcar 
Donaldson, Henry B., 10, Lily Crescent, Jesmond West, Newcastle- 

U L/UIS* X V Uw ••• ••• •■• ••• ••• ••• ••• ••• 



(E) Feb. 1898 
(E) Dec. 1892 
(S) Mar. 1898 
(E) Mar. 1898 
(E) Nov. 1897 

(E) Mar. 1896 

(S) Feb. 1896 
(E) Feb. 1896 

(S) Nov. 1897 
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elbctrd. 

Doxford, Robert, Jun., Bilksworth Hall, Sunderland (N A) Feb. 1897 

Duckitt, Tall)ot, 56, Leicester Road, Loughborough (E E) ^c** 18^^ 

Duiiford, Thomas, 74, Osborne Road, Newcastle-upon-Tyne ... (E) Nov. 1896 



E. 

Edminston, Alex. R., c/o Mrs. Sheffield, 10, Bcacousfield Square, 

Hartlepool (E) Jan. 1898 



F. 

Featherstonh.'iugh, Albany, 13, Park Place West, Sunderland ... (E) Oct. 1894 

Fen ton, Frederick, 15, Kent Street, Jarrow-on-Tyne (S) Mar. 1698 

Fleet, Herbert A., Coney House, Birtley, via Chester-le-Street ... (E) Mar. 1897 

Forster, Edgar S., Grange Villa, Lawford Gardens, Rugby ... (E) Jan. 1894 

Foster, L. P., 23, Lovaine Crescent, Newcastle-upon-Tyne ... (E) Nov. 1893 

Fox, Carter, 7, Coxon Street, Sunderland (E) Feb. 1898 



H 

Hamilton, James, Me8sn«. The Royal Shipbuilding and Engineering 

Co., Flushing, Holland (E) Nov. 1897 

Harden, G. F. St. Clair, 6, Larkspur Terrace, Jesmond, Newcastle- 
upon-Tyne ... (E) Feb. 1898 

Harvey, Herbert B., Rokcr Villa, Heaton Park View, Heaton, 

Newcastle-upon-Tyne (E) Jan. 1896 

Hepburn, James M., 17, Grosvenor Place, Jesmond, Newcastle- 
upon-Tyne (E) Nov. 1895 

Hick, Charles, 2, Garibaldi Terrace, South Shields (E) Oct. 1894 

Hinchliffe, Robert, 25. Hawthorn Street, Newcastle-upon-Tyne... (S) Nov. 1893 
Hobbs, Arthur, 134, Coalshaw (Jreen Road, Hollinwood, Oldham (E) Nov. 1897 
Huntor, George Ernest, The Willows, Jesmond, Newcastle-upon- 
Tyne (S) Feb. 1898 

Hutton, John S., 17, Claremont Place, Newcastle-upon-Tyne ... (E) Nov. 1897 



J. 

Jepson, Henry, 35, El vet Street, Heaton, Newcastle-upon-Tyne ... (E) Nov. 1893 
Johnson, James, 11, Poplar Crescent, Gateshead-on-Tyne (E) Oct. 1896 

K. 

Kent, Samuel N., Lindenhurat, Heaton, Newcastle-upon-Tyne ... CE) Mar. 1896 



L. 

Laing, Bryan, Thornhill, Sunderland (8) Dec. 1896 

Lcighton, James, 17, Jiversley Place, Heaton, Newcastle-upon- 

J yne .•. ••• .ii ••• ••• ... ... ... (^J dan. lo9o 

Lindsay, .Tan:cR D., Fern vi lie, Gosforth, Newcastle-upon-Tyne ... (E E) Jan. 1897 
Lishman, John James, Jun., 16, Lovaine Place, Nortli Shields ... (E) Dec 1892 
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ELECTlIi. 



London, W. J. A., 12, Victoria Square, Jesmond, Newcastle- 
upon-Tyne (E) May 1898 

Lumley, William, 2, Claremont, Gateshead-on-Tyne (E) June 1896 



M. 

Macdonald, William C, 16, Union Street, Hartlepool (E) Mar. 1896 

Mace, Charles, c/o Messrs. Laird Brothers, Birkenhead (E) Nov. 1894 

Mace, George, 253, Albert Road, Jarrow-on-Tyne (S) Oct. 1896 

Mather, Clifford B., Lesbury House, Lesbury, R.S.O., Northumber- 
land... ••• ... ... •■• •.. >•« ... ••• v^/ vCt* lo9« 

McCoull, Cecil, Ovington House, Ovingham, R.S.O., Northumber- 

lanoi .. ... ... ... ... ..I ... .•• ... v*/ ^^et/. io«io 

Mcllwraith, Charles H. C, 37, Woodbine Terrace, Pallion, Sunderland (E) Nov. 1895 

McRobie, Frank, 20, Victoria Street, Newcastle-upon-Tyne ... (E) Mar. 1889 

Milne, George Murray, 17, East Percy Street, North Shields ... (S) Feb. 1898 

Mitchell, William, Glen Street, Hebburn-on-Tyne (S) Jan. 1898 

Moore, Jas. Forster, 6, Princess Street, Sunderland (E E) Nov. 1897 

Moroney, Edward F., 180, Gloucester Road, Newcastle-upon-Tyne (E) Feb. 1892 

Moss, William, Point Pleasant Hall, Wallsend-on-Tyne (E) Jan. 1898 

Murray, Athole J., Hassendean, Beech Grove, Newcastle-upon— 

1 ync ... .,• ••• ... ••• .■• .«. ... \9) wov» Lout 



N. 
Nixon, John Robert, 4, Bath Terrace, Blyth (E) Feb. 1898 

0. 

Olsen, Hans B., Jun., Wellington Road, West Hartlepool (E) Feb. 1896 



P. 

Pashby, Arthur, 18, Ashfield Terrace East, Newcastle-upon-Tyne... (E) Nov. 1895 

Patterson, Robt. ()., Thorneyholme, Blaydon-on-Tyne (E) Jan. 1895 

Pearce, Standen L., Hampden Clab, Phoenix Street, London, N.W. (E) Dec. 1893 
Pescod, Joseph Hind, 1, Railway Street, Jarrow-on-Tyne ... (S) Feb. 1898 
Pierce, Robert Cecil, 4, Simonside Terrace Heaton, Newcastle- 
upon-Tyne (E E) Dec. 189G 

Poagate, James Stephen, 1 1, Wandsworth Road, Heaton, Newcastle- 
upon-Tyne (E) Nov. 1895 

Potts, Joseph, 14, Mopeland Street, West Hartlepool (E) Feb. 1898 



R. 

Bappoport, Fred. G., 33, Manor House Road, Jesmond, Newcastle- 

apon-Tyne (E) Mar. 1894 

Beid, John Robert, 88, I^icslie Terrace, Aberdeen (E) Nov. 1892 

Robinson, Charles 0., Ingleside, North Shields (E) Dec. 1893 

Bobyison, Francis, Willington Uectory, Newcastle-upon-Tyne ... (E) Nov. 1897 
Bobson, Robert, 166, Rye Hill, Newcastle-upon-Tyne ... ... (E E) Dec. 1894 
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ILBCTKIX 



Ross, William Daniel, 11, Alma Street, Sandyford Road, 

New(»stle-upon-Tyne (E) Feb. 1896 

Routledge, Herbert J., Stapleton House, Jarrow-on-Tyne ... (E E) Mar. 1897 

Rowles* Henry P., 8, Belle Vue Terrace, Gateshead-on-Tyne ... (E) Oct. 1896 

Rubaak, G. H. Miiller, 2, Bolton Terrace, Newcastlc-upon-Tyiie (E) Feb. 1898 

S. 

Sanderson, Thomas H., 31, Park Road, Jarrow-on-Tyne (E) Feb. 1898 

Saul, John W., 55, Manor House Road, Newcastle-upon-Tyne ... (E) Mar. 1898 
Scott, Alex. C, Malvern House, Edward's Road, Whitley, New- 
castle-upon-Tyne (E) Jan. 1895 

Scott, Joseph, 49, Leazes Terrace, Newcastle-upon-Tyne (E) Dec. 1891 

Scott, W. A., 100, George Road, Newcastle-upon-Tyne (E E) Oct. 1894 

Shand, William Lamont, 39, Holly Avenue, Newcastle-upon-Tyne (E) Nov. 1895 
Short, Thomas Smart, c/o Messrs. Short Brothers, Pallion, 

Sunderland (S) Oct. 1892 

Sit well, John Knightley, 24, Archbold Terrace, Newcastle-upon- 
Tyne ... ... ... ... ... ... ... ... ([E) Nov. 1896 

Smith, F. Henry, Construction Department, Messrs. Elder, 

Dempster & Co., African House, Water Street, Liverpool (E li S) May 1898 

Smith, John E., 15, Eslingtou Terrace, Newcastle-upon-Tyne ... (E) Nov. 1897 

Squire, Charles E., Corporation Electricity Works, Blackpool ... (E E) Nov. 1893 
Stephenson, Robert, c/o Messrs. Robt. Stephenson & Co., Limited, 

South Street, Newcastle-upon-Tyne (E) Mar. 1894 

Stuart, John, 57, Heaton Park Road, Newcastle-upon-Tyne ... (E) Dec. 1895 

T. 

Thomas, John P., 6, Queen Anno Terrace, Gateshead-on-Tyne ... (E) Dec. 1897 

Thomas, Robert Gates, fi, Queen Anrc Terrace, Gateshead-on-Tyne (E) Nov. 1894 

Thomas, William, 4, Eton Avenue, Ilampstcad, London, N.W. ... (E) Oct. 1895 

Toild, George William, 2G, Bede Burn Road. Jarrow-on-Tyne ... (S) Jan. 1898 

Towncnd. Sidney, 3, St. Eleanor Street, Cullercoats (E) Nov. 1895 

Turner, Charles N., 2, Newburn Lane, New burn-on- Tyne (E) April 1896 



V. 

Vardy, George, Neptune Engine Works, Walker-on-Tyne (E) Oct. 1894 

Varty,B. 8., 16, Hawthorn Street, Newcastle-upon-Tyne (S) Oct. 1895 

Vaughan, \Vm. A., The Poplars, Gosforth, Newcastle-upon-Tyne... Jan. 1898 

W. 

Watld, Herbert W. F., c/o Messrs. Bruce, Harman, & Co , 48, 

West regent Street, Glasgow (E) Feb. 1898 

Waddinghain, W. H., 30, Renfrew Road, Wallsend-on-Tyne ... (E) Nov. 1897 
Walker, Gavin Knox, 87, Jesmond Road, Newcastle-upon-Tyne ... (E) Mar. 1894 
Ward, Ebenezer T., 22, Warrington Road, Newcastle-upon-Tyne (E) Mar. 1898 
Ward, Joseph P., Public Works Department, Eshowe, Zululand ... (E) Oct. 1895 
Watson, John, 108, Meldon Terrace, Heaton, Newcastle-upon- 
Tyne (S) Dec. 1897 



xlvii 

SLECTBD. 

White, Hedley, 6, Crown Gardens, Dovanhill, Glasgow (S) Nov. 1897 

Wildridge, Richard, 9, Grasmere Terrace, Gateshead-on-Tyne ... (E) Oct. 1896 
Wilkin, Ernest Vivian, 11, Appold Street, Finsbury, London, E.G. (E) Nov. 1892 

Wilson, Edward, 13, Ely Street, Gateshead-on-Tyne (E E) Jan. 1898 

Wilson, John R. S., Lyndhurst, Gosforth, Newcastle-upon-Tyne ... (E) Mar. 1894 
Wilson, Percy P., Bank House, Fawcett Street, Sunderland ... (S) Jan. 1896 
Wilson, William S., 123, Osborne Road, Newcastle-upon-Tyne ... (E) Nov. 1897 
Wood, Lionel, 90, Rothbury Terrace, Heaton, Newcastle-upon- 
Tyne (E E) Nov. 1897 

Wotherspoon, William L., 13, Bellerby Terrace, West Hartlepool (E) Jan. 1898 
Wright, George Hudson, 35, Washington Terrace, North Shields... (E E) Feb. 1896 
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THE NORTH-EAST COAST INSTITUTION 

OF 

ENGINEERS AND SHIPBUILDERS. 



Constitution an& B^eXawe, 

Adopted at a General Meeting on the 4th Mabch, 1885. 

Revised at the Closing Business Meeting held on May 4th, 1887. 

Be-Bevised at the Closing Business Meetings held on Mat 
9th, 1888, May 13th, 1889, May 11th, 1891, May 14th, 1895. 
AND May 13th, 1898. 



CONSTITUTION. 

I. — The Name of the Association is " The North-East Coast Name. 
Institution of Engineers and Shipbuilders." 

II. — The Objects for which the Institution is established objecu. 
are : — The advancement of the science and practice of Engineer- 
ing and Shipbuilding, and the interchange of ideas and informa- 
tion amongst its members, by means of meetings for the reading 
and discussion of papers relating thereto, and placing on record 
its transactions. 

III. — The Institution shall consist of Honorary Members, 
Members, Associates, and Graduates. 

IV. — HoNOBABY Mbmbebs shall be such distinguished g^*^ 
persons as the Council may elect. 

V. — MEifBEBS shall be Principals or Principal Managers Members, 
engaged in Engineering or Shipbuilding ; Civil, Military, or 
Mining Engineers, or Naval Architects ; whose subscription 
shall be Two Guineas per annum : and other persons engaged in 
the above professions ; whose subscription shall be One Guinea 
per annum. 

VI. — Associates shall be such persons as are not strictly Aarodate*. 
Engineers or Shipbuilders, but are connected with or interested 
in such pursuits, and are deemed by the Council to be eligible 
for Associate membership. Their subscription shall be One 
Goinea per annum. 

VOL. ziy.-i«e. ^ 
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VII. — Graduates may be persons under twenty-fonr years 
of age, engaged in study or employment to qualify themselyee 
for any of the above professions. Their subscription shall be 
Ilalf-a-Quinea per annum. 

VIII. — Any Member may become a Life Member by a 
single payment of Twenty Guineas, or any Associate may 
become a Life Associate by a single payment of Ten 
Guineas. All such compositions shall be deemed to be capital 
moneys of the Institution. 

IX. — The OouNcn^ of the Institution shall be elected from 
and by the Members, and shall consist of one President, the 
Past-Presidents, eighteen Vice-Presidents, fifteen Ordinary 
Members of Council, and an Honorary Treasurer. 

X. — The President and Honorary Treasurer shall be elected 
annually. Three Vice-Presidents and five Ordinary Members of 
Council shall be elected annually. The retiring Vice-Presidents 
shall be those who have been in oflBce for the longest period, 
and Ordinary Members of Council those who have served 
three years from their last election. 

The President shall be eligible for re-election for a second 
year ; should he be re-elected he shall retire at the conclusion of 
his second year of ofSce, and shall not again be eligible until 
after an interval of one year. 

The retiring Vice-Presidents shall be eligible for re-election. 
The retiring Ordinary Members of Council shall not be eligible 
for re-election to the same office until after an interval of one 
year, but shall be eligible for election to any other office. 

The Honorary Treasurer shall be eligible for re-election 
annually, or for election to any other office. 

XI. — Honorary Members may attend all the General Meet- 
ings, they may read papers, take part in discussions, in voting, 
in moving and supporting resolutions, in presentation of notices 
of motion, or in requisitions for Special Meetings, and in the 
proposition of new members ; they shall also receive copies of 
the Transactions. 

XII. — Members shall have all the privileges of the Institu- 
tion as enumerated in the foregoing paragraph, and shall be 
eligible for office. 

XIII. — Associates shall have all the privileges enumerated in 
] raph XL They shall be eligible for office as Ordinary 
Meml of Council. 
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XIV.— Graduates may attend all the General Meetings, they ^Jf^^' 
may read papers, take part in discussions, and support resolu- 
tions; they shall also receive copies of the Transactions, but 
shall not sign proposals for new membera, vote, nor be eligible 
for office. 

XV.— The General Meetings of the Institution shall be held ^^JJ^ 
during the months of October to May, inclusive, of each year. 

Note. — When the word Member is initiaUetl with a capital letter it 
signifies a member under paragraphs IV. and V., but when initiaUed with a 
small letter, it signifies a member of any class of the Institution membership. 



BYE-LAWS. 



MEMBERSHIP. 

1. — Every candidate for admission as a Member, Associate, AdSffiJS'*" 
or Graduate shall be proposed and recommended according to 
the Form A in the Appendix, in which form the name, usual 
residence or the place of business, the qualification for, and pro- 
posed class of membership of the candidate shall be distinctly 
specified. Proposals for Graduates must give the date of, and 
age, last birthday. 

The form shall be signed by a Member or Associate of the 
Institution, as proposer, and by at least other three Members or 
Associates as supporters, certifying a personal knowledge of the 
candidate. 

The proposal so made shall be submitted to the Council, 
when, if it be approved, the Chairman shall sign the approba- 
tion, which shall be Inserted in the notice calling the next 
Greneral Meeting, when the candidate shall be balloted for, and 
shall be accepted if three-fourths of the votes are favourable. 

2. — Gradui^tes desirous of becoming Members shall be pro- SSiSSf^eSbe 
posed and recommended according to the Form B in the 
Appendix. 

The proposal so made shall be submitted to the Council, who 
shall agree to or reject it. 

8. — The balloting for membership shall be conducted in the gffi^'^' 
following maimer : — Each member shall be supplied by post with 
a list of the names of the candidates, according to the Form C 
in the Appendix, and shall strike out the names of such can- 
didates as he desires shall not be elected. These lists may be 
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returned to the Secretary by post, or may be deposited in the 
ballot-box by the voter in person on entering a meeting at which 
an election is to take place. The ballot-box will be closed at 
ten minutes after the advertised time of meeting. The lists 
shall then be handed over to the Chairman, who shall appoint 
two Scrutineers to examine them, after which examination the 
Chairman shall inform the meeting of the result. 

4. — Notice of Election as a member shall be sent to the can- 
didate within one week after his election, according to the Form 
D in the Appendix ; but his name shall not be added to the list 
of Members, Associates, or Graduates of the Institution, until 
he shall have paid his first annu^ subscription. 

5. — In case of rejection of the candidate, no mention thereof 
shall be made in the minutes, nor shall any notice be given to 
the unsuccessful candidate. 

6. — All subscriptions shall be payable in advance, and shall 
become due on the 1st of August each year. Any Member, 
Associate, or Graduate, wishing to retire from the Institution 
shall continue to be liable for his annual subscription until he 
shall have given formal notice of his retirement to the Secretary, 
which notice must be given on or before the 31st of August in 
each year. Application for membership may be made at any 
time during a Session, and the subscription shall cover the 
membership up to the Ist of August following. 

7. — On payment of each subscription the Secretaiy shall 
forward to the member an official receipt. 

8. — On question of privilege. — Any person who may be un- 
known in the meeting shall only be able to claim the privilege 
in question on proving his membership for the current Session. 
9. — Any member whose subscription is one year in arrear 
shall be reported to the Council, who shall direct application to 
be made for it, according to Form E in the Appendix ; and in 
the event of its continuing in arrear until the end of that 
Session after such application, the Council shall have the power, 
after remonstrance by letter, according to the Form F in the 
Appendix, of declaring that the defaulter has ceased to be a 
member. 

10. — The Council may refuse to continue to receive the sub- 
scriptions of any member who shall have wittingly acted in 
contravention of the Regulations of the Institution, or who shall. 
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in the opinion of the Council, have been guilty of such conduct 
as shall have rendered him unfit to continue his membership; 
and the Council may remove his name from the list of members : 
and such person shall thereupon cease to be a member of the 
Institution. Notice of such action of the Council shall be for- 
warded to the person in question, in accordance with the Form 
G in the Appendix. The reason for such action of the Council 
shall not be stated to the person expelled, without the sanction 
of the Council. 

OFFICERS. 
11. — The Annual Election of Officers shall be conducted in Election of 

Officers. 

the following manner : — The Council shall meet in March or 
April, and shall arrange a list of nominations, in accordance 
with the Form H in the Appendix. It shall nominate new 
names in the place of the retiring Members, and the number 
of nominations shall be one in excess of the number required in 
each section of the Council. Such list shall be presented at the 
General Meeting immediately preceding the last General Meeting 
of the Session, and any Member present shall be at liberty to 
nominate additional Members. The list shall show who remain 
in office throughout the Council, and who are retiring. A copy 
of this ballot list shall be forwarded to each Member and Asso- 
ciate, together with a complete list of Members of Council, to 
be filled in, in accordance with the instructions printed in the 
ballot form, and to be returned to the Secretary to be opened in 
the presence of the Council, at a Council Meeting which shall 
be held in April or May, when the scrutiny and counting shall 
be carried out by the Council. Any Member in voting shall be 
at liberty to erase any name or names from the list and sub- 
stitute the names of any other person or persons eligible for each 
respective office other than those already placed on the ballot 
list by the Council and Members of the Institution. 

Any voting paper returning either more or less than one 
President, eighteen Vice-Presidents, one Honorary Treasurer, 
and fifteen Ordinary Membei-s of Council, shall be disqualified for 
the section or sections in which such errors occur, and the votes 
shall be lost for the said section or sections. The votes given 
as President, to a Member who is not elected President, shall 
count to him as a Vice-President ; the votes given as Vice- 
President, or Treasurer, to persons not so elected, shall count to 
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them as Ordinary Members of Council, unless they have just 
completed a term of office in such capacity. 

The voting list shall not be sent to any Member and 
Associate whose subscriptions are more.than one year in arrear ; 
nor shall any such Member be nominated on the list. For this 
purpose, the Secretary shall prepare, previously to the meeting 
of Council, a list of those Members whose subscriptions are more 
than one year in aiTears. 

12. — The result of the ballot for Officers shall be declared 
at the Closing Business Meeting, to be held in May, at 
which meeting general business shall be transacted. At this 
meeting the newly-elected Officers, after being declared, shall 
enter into office ; and this shall be the last meeting of the Session. 

13. — The Council shall have power to supply any casual 
vacancy within itself (including any casual vacancy in the office 
of President), which shall occur between one May Meeting and 
another; and the Officers so appointed shall retire when the 
persons whose places they fill would have retired. Vacancies not 
filled during the year shall be filled at the (Jeneral Election. 
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GENERAL MEETINGS. 

14. — The Annual General Meeting shall take place in October, 
and the Closing Business Meeting in May ; each of these meet- 
ings shall be held in Newcastle-upon-Tyne. The Ordinary 
Meetings shall take place in the second week in each following 
month during the Session, unless otherwise arranged by the Coun- 
cil, and at such hours and places as the Council may determine. 

1 5. — Seven clear days' notice of every General Meeting, Ordin- 
ary or Special, specifying the nature of business to be trans- 
acted, shall be given to every member of the Institution. 

16. — A Special General Meeting may be convened at any 
time by the Council, and such meeting shall be convened by the 
Council whenever such is the declared wish of a General Meeting, 
or whenever a written requisition, signed by twenty members, 
specifying the object of the meeting, is left with the Secretary. 
If, for fourteen days after the deUvery of such requisition, a 
meeting be not convened in accordance therewith, the requisi- 
tionists, or any twenty members of the Institution, may convene 
a Special Meeting in accordance with the requisition. The 
business discussed at such Special Meetings shall only be that 
indicated on the notice calling the meeting. 
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17. — Twenty Members shall constitute a quorum for the pur- 
pose of a meeting other than a Special Meeting. Thirty Members 
shall constitute a quorum for the purpose of a Special Meeting. 

18. — The President shall be chairman at every meeting, and 
in his absence, one of the Past-Presidents or one of the Vice- 
Presidents ; or in the absence of these, an Ordinary Member of 
Council shall take the chair ; or if no Member of Council be 
present and willing to take the chair, the meeting shaU elect a 
Chairman. 

19. — The decision of a General Meeting shall be ascertained 
by a show of hands ; or, when five Members or Associates shall 
demand, or the Chairman may think it desirable, the decision 
shall be taken by ballot. The manner of counting the votes 
shall be at the discretion of the Chairman, and an entry in the 
minutes, signed by the Chairman, shall be deemed sufficient 
evidence of the decision of a General Meeting. In cases of 
equality of votes, the Chairman shall have a casting vote ; other- 
wise he shall not vote. 

20. — Questions of a personal nature arising in a General 
Meeting, shall, if possible, be referred to the Council, otherwise 
the decision of the meeting shall be taken by ballot on a motion 
or amendment put to the meeting. The ballot shall be taken by 
the voters (being Members or Associates) writing **for" and 
"against" on a slip of paper. The slips shall be folded and 
collected, and then counted in the presence of the meeting, and 
the result announced by the Chairman. Should fewer than 
twenty votes be given, it shall be understood that the question 
is shelved, and the votes shall be destroyed without being opened. 

21. — At every General Meeting of the Institution, the Secre- 
tary shall first read the minutes of the preceding meeting, which, 
on approval, shall be signed by the Chairman ; business arising 
out of these minutes shall then be transacted. The Secretary 
shall read any notices which may have to be brought before the 
meeting. Notices of motion may then be given, and other 
business of the Institution may be attended to; but when a 
paper is to be read, the foregoing business shall not be extended 
beyond half-an-hour after the advertised time for commencing 
the meeting. The paper or papers for the evening shall then 
be read and discussed. 

22. — If within half-an-hour after the time fixed for holding 
a General Meeting a quorum is not present, the meeting shall be 
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diiBsolved, and all matters which might, if a qaoram had been 
present, have been done at the meeting so dissolved, may forth- 
with be done on behalf of the meeting, by the Cooncii ; except 
the reading or discnssion of a paper, which shall not proceed in 
the absence of a qnomm. 

23. — Any General Meeting of the Institution may be ad- 
journed by a vote of the Members and Associates present if 
there be a qnorom ; if there be not a qaoram, the case shall be 
met by the preceding paragraph. 

24. — Each member shall have the privilege of introducing 
one friend to the General Meetings, whose name must be written 
in the Visitors' Book, together with that of the member intro- 
ducing him ; but if the introducing member be unable to attend 
the meeting, he may send the name of the visitor to the Secre- 
tary. During such portions of any of these meetings as may be 
devoted to any business connected with the management of the 
Institution, visitors may be requested by the Chairman to with- 
draw. This shall be done if five Members or Associates, or both, 
present request it. 

COUNCIL MEETINGS. 

25. — The Council shall meet before each Cteneral Meeting, or 
on other occasions when the President shall deem it necessary ; 
being summoned in either case by circular, stating the time of 
meeting, and the business, so far as is known. 

No business involving expenditure of the funds of the Insti- 
tution (except by way of payment of current accounts) shall be 
transacted at any Council Meeting, unless the circular gives six 
clear days' notice, and states the business. 

All discussions of a personal character in the Council shall 
be considered and treated as being strictly confidential. 

26. — The Council may regulate its own procedm*e, and dele- 
gate any of its powers and discretions to any one or more of its 
number. 

The President shall, ex-officio, be chairman of all Council 
Meetings, and in his absence one of the Past-Presidents or one 
of the Vice-Presidents shall take the chair ; or in the absence of 
these, one of the Ordinary Members of Council shall be elected 
to take the chair. Five members of Council, including the 
Chairman, shall form a quorum. 

In the appointment of Sub-Committees, the Council shall 
determine the number which shall foim a quorum in each case, 
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and shall appoint a Chairman. These regulations shall not 
aflFect the Finance Committee. 

27. — The Council may appoint Committees either from itself, sub-oommittees 
or with the assistance of persons outside, for the purpose of 
transacting any special business, or of investigating specific 
objects connected with the work and interests of the Institution. 

28. — All Committees or 8ub-Committees shall be appointed 
by the Council, and shall be subject to that body, and shall 
report to it. The Council shall act upon these reports or recom- 
mendations as it may think best. The President shall, ex-offido, 
be a member of all Committees. 

29. — Any member may by communication addressed to the 
Secretary petition the Council to lay before a General Meeting 
of the Institution the contents of any letter which shall in 
a short, concise, and clear manner draw the attention of the 
Institution to public matters of importance in connection with 
legislation proposed by any governing body in reference to the 
construction of ships, machinery, or the working of the same, 
so that members may by their scientific and practical knowledge 
demonstrate the soundness or otherwise of the proposed measure. 

30. — ^The Council may invite to General Meetings or to 
Council Meetings any person or persons whose presence and 
assistance it may desire, and strangers so invited shall be per- 
mitted to take part in the proceedings, but not to vote. 

31. — The Secretary, who shall also act as Treasurer, shall be 
appointed by and act under the direction and control of the 
Council; and shall be paid such salary as the Council shall 
determine. He shall attend all meetings, Council and General, 
and shall take minutes of the proceedings, and enter them in 
proper books provided for the purpose. He shall write the 
correspondence of the Institution and Council, read minutes and 
notices at meetings, report discussions, and, if required by the 
Council, prepare papers for reading and publication, and read 
papers and communications at the meetings. He shall receive 
all payments due to the Institution, and shall bank the cash in 
hand whenever it amounts to ten pounds. The bank shall be 
determined by the Council aud the banking account shall be in 
the names indicated in connection with the Finance Committee. 
He shall keep a cash account book, general and detail, which 
shall on all occasions be open to inspection by the Finance 
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Committee or by the Council. He shall keep a register of the 
names of members, so arranged as to distinguish all members 
whose subscriptions are in arrear. He shall also perform what- 
ever other duties are indicated in the Bye-Laws of the Institu- 
tion as appertaining to his department; and shall remain in 
ofl&ce during the pleasure of the Council. He shall not vote on 
any resolution. 

32. — The following Sub-Committees shall be appointed 
annually at the first meeting of the Council in each Session : — 
(1) x\ Finance Committee, to consist of seven persons, viz. : one 
Past-President or Vice-President, who shall be Chairman ; five 
Members of Council, and the Honorary Treasurer of the Institu- 
tion ; three of whom shall form a quorum. The Treasurer shall 
be empowered to pay all amounts due from the Institution which 
are under two pounds. All amounts of two pounds and upwards 
shall be paid by cheque, signed by the Chairman of the Finance 
Committee (or in his absence, by the President or a Past- 
President), the Secretary and the Honorary Treasurer. (2) A 
Reading Committee, to consist of six members of Council. No 
member who has served on this Committee for three years in 
succession shall be eligible for re-election until after an interval 
of one year. (3) A Library Committee, in accordance with 
Library Rules, Nos. 1 and 3. (4) A Graduates' Award Com- 
mittee to consist of five members. 
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TRANSACTIONS. 

33. — All papers shall be forwarded to the Secretary at least 
five clear weeks before the proposed date of reading. The 
Secretary shall submit them for approval to the Council, and on 
their general approval they shall be handed to the Reading Sub- 
Committee, three of whom at least, shall read the paper through. 
The Reading Sub-Committee shall be at liberty to strike out any 
parts which, in their opinion, ought not to be read. They may 
also make any suggestions to the author as to points which 
might with advantage be inserted or altered. A synopsis of the 
subject-matter of each paper shall be forwarded to the Secretary, 
by the writer, for insertion in the circular convening the meet- 
ing at which the paper is to be read. 

34. — The papers read, and the discussions on them, or such 
portions of them as the Council shall select, shall be printed for 
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distribution among the members, each of whom shall receive a 
copy. These Transactions shall be edited by the Secretary, in 
accordance with instructions of the Council, who shall have 
power to omit parts of discussion which may be foreign to the 
subject, or which it may be deemed undesirable to retain. Each 
paper shall bear the date on which it was read in General 
Meeting. 

35. — Copies of papers to be read during any Session will be 
sent seven days before the date of reading to members who shall 
have applied to the Secretary for them, in writing, at the com- 
mencement of the Session. The discussion on a paper shall not 
be considered closed on the evening on which it is read, but 
shall be open for renewal at a subsequent meeting, prior to the 
reading of the paper set down for that date. 

36. — The Secretary shall send to each speaker as soon as 
possible after a General Meeting a copy in manuscript of the 
speaker's own remarks for correction. This copy must be re- 
turned to the Secretary within four days. A printed proof will 
also be sent to each speaker for further revision ; this must be re- 
turned to the Secretary within three days, otherwise it will be 
deemed correct, and printed off after receiving verbal corrections. 

87. — The Council shall be at liberty to print as Transactions, 
either with the papers and discussions or separately, explanatory 
notes, etc., communicated after the reading or discussing of a 
paper. Such communications must be approved by the Reading 
Committee, and shall bear the date on which they shall have 
been received by the Secretary. 

38. — The Institution shall not be held responsible for the 
statements and opinions advanced in any of the papers which 
may be read, or in the discussions which may take place at the 
Meetings of the Institution. 

89. — Twenty copies of each paper and discussion shall be 
presented to the author of the paper, for private use, and one 
copy shall be sent to each member. When a paper is prepared 
by two authors, fifteen copies shall be presented to each. Dupli- 
cate copies of parts of the Transactions mislaid or lost by 
members cannot be supplied to them, except as provided for in 
Bye-Law 42. 

40.— The Transactions shall not be supplied free to members 
whose subecriptions are unpaid. 
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4 1 . — Any member elected at any time between the Atiti iiaI 
General Meetinj^s shall be entitled to copies of all the Transactions 
iMniied durinj^ the Session to which his first subscription applies ; 
but not until the subscription has been paid. 

42. — The Transactions of the Institution shall be the exclu- 
MJvf! profKjrty of the Institution, and shall be published only by 
tin? authority of the Council. Additional copies of papers 
r(5(jiiirc(l by authors for their private use can only be procured 
from the Socrettiry, at prices fixed by the Council from time to 
time, and these copies must contain the whole of the discussion 
followinff the papers, and be bound in the usual cover, with the 
addition of the following words : — " By pel-mission of the 
Council," and " Kxoerpt Minutes of Proceedings." Duplicate 
Aohunes and copies of ptvrts of the Transactions, if in print, can 
also bo obtained from the Secretary, and shall be sold only by him, 
in such manner and at such prices as the Council shall have fixed. 

48. — During a discussion upon any paper, no person shall 
be at liberty to speak more than once (except by way of explana- 
tion), nor for a longer period than ten minutes. 

ACCOUNTS, &o. 

44. — The Council shall present the yearly accounts (up to 
the Slst of July preceding) at the Annual General Meeting in 
October of each year, after they have been audited by a pro- 
foHHional Accountant, appointed by the members at the Closing 
HuHincHS Meeting in May. 

45.— Tlic avpital, stock, and funds of the Institution shall 
be vested in the names of three Trustees, to ha elected from time 
to time as vacancies occur by the members of the Institution at 
a Oeneral Meeting called for that purpose. All mortgages and 
other securities shall be taken in the names of such Trustees ; 
and on any new appointment the funds shall vest in the newly- 
appointed Trustee or Trustees jointly with the continuing or 
remaining Trustee or Trustees. 

46. — The Finance Committee may, with the consent of the 
Council, invest in the names of the appointed Trustees of the 
Institution any moneys not immediately required for the pur- 
poses of the Institution, in or upon any approved securities. 

ALTERATIONS TO CONSTITUTION AND BYE-LAWS. 

47. — Alteration in or addition to the Constitution and Bye- 
Laws may be made only by resolution of the members at the 
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Closing Business Meeting in May, after notice of the proposed 
alteration or addition has been annoanced at the previous 
General Meeting. 

The resolution may be modified by the Council meanwhile, 
should they so desire ; but in this case it shall be read at the 
Closing Business Meeting in May in its original form before it is 
proposed in the amended form. 

Such resolutions shall be stated in the notice calling the 
intervening Council Meeting, and also in the notice calling the 
Closing Business Meeting in May. 

Any member unable to be present at the meeting at which vote by Proxy, 
such alterations are to be considered, but who is nevertheless 
desirous of recording his opinion thereon, shall be allowed to 
vote by proxy, such proxies shall be in Form J in the Appendix, 
which may be had on application to the Secretary, and may be 
used by any member present at the meeting on behalf of the 
absent member, and counted by the Chairman as of equal value 
with votes given in the manner provided in Bye-Law 19. 



THE GOLD MEDALS. 

RULES. 

1. — That papers read by members of the Council shall be 
eligible for the Gold Medals' Award. 

2. — That the medals shall be awarded by the vote of the 
Council given at a meeting of the Council at which the business 
has been specially noted on the circular convening the meeting, 
and not by ballot papers previously sent out, as has hitherto 
been the custom. 

3. — That when the Council proceeds to award the medals, 
authors of papers who are members of the Council shall not be 
present nor vote at such Council meetings. 

4. — If at the meeting convened a quorum of the Council 
should not be present, or if the Council considers it desirable or 
cannot agree, the decision of the Council may be deferred and 
adjourned to a future meeting. 

6. — That the medals shall be awarded annually, provided the 
papers are, in the opinion of the Council, worthy of the award, 
but not otherwise ; and that they be awarded to the authors of 
the best papers, irrespective of their having previously obtained 
a gold medal. 
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* A Member, 
Aflsoclate, or 
Oraduate. 

t A Principal, 
Manager, or 
Drauratsman, 
etc Set) Articles 
v.. VI., and VII. 
of Oonstitution. 



FORM A. (BYE-LAW 1.) 

Name (in full) 

Profession or Occupabion and where Employed 
Address 

being desirous of admission into the Norfch-East Coast Institu- 
tion of Engineers and Shipbuilders, we, the undersigned, propose 
and recommend that he shall become* 
thereof. We know him to bef 
and eligible for the proposed membership. 



FROM PERSONAL KNOWLEDGE. 



RBCnON OF MEMBERSHIP 



Proposed by_ 



Supported by 

Three Members 

or Associates. 



Dated this day of 

( WTien a Graduate is proposed tJie age last birthday should be stated.) 



FORM B. (BYE-LAW 2.) 

A. B. [Christian Name, Surname, Occupation, and Address 
in full] being at present a Graduate of the North-East Coast 
Institution of Engineers and Shipbuilders, and upwards of 
twenty-four years of age, and being desirous of becoming a 
Member of the said Institute, we, the undersigned [Members 
or Associates], recommend him, from personal knowledge^ as 
a person eligible for the proposed Change of membership, 
because — 

{Here specify distijictly the Qualifications of the Candidate according 
to the spirit of the Rules of the Institution.) 

Signed ^^ 

I [Members or 

I Aspociates.] 






Dated this 



day of 



18 



Ixiii 
FORM C. (BYE-LAW 8.) 

BALLOTING PAPER FOR MEMBERSHIP. 

The Council having considered the recommendations for 
Membership of the following gentlemen, present them to be 
balloted for, viz.: — 



MSMBSm 

Associate, or 
Graduate. 


Occupation. 


Address. 


Nominated bt. 


Supported 

BY Three 

Members or 

Associates. 













Strike out the names of such persons as you desire shall not 
be elected, and forward the list by post to the Secretary, or 
personally place it in the ballot-box at the Meeting. 



FORM D. (BYE-LAW 4.) 

Sib, — I am directed to inform you that on the day 

of you were elected a of the North-East 

Coast Institution of Engineers and Shipbuilders, but, in con- 
formity with Bye-Law 4, your election cannot be confirmed, nor 
your name be added to the roll of membership, until you have 
paid your first annual subscription, the amount of which is 
£ : : , or, at your option, the Life Composition of 

Jb • • • 

Payment may be made to the Treasurer, Mr 



Address. 



Dated 



I am. Sir, 

Yours faithfully, 

18 



Secretary, 



N.B. — In case of a Graduate, strike out ** or^ at your option, the 
Life Composition of & : : " 
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FORM E. (BYE-LAW 9.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to draw your attention 
to Bye-Law 6, and to remind you that the sum of £ 
of your annual subscriptions remains unpaid, and that you are in 
consequence in arrear of subscription. 

I am also directed to request that you will cause the same to 
be paid without further delay, otherwise the Council will be 
under the necessity of exercising their discretion as to using the 
power vested in them by the Rule above referred to. 

I am, Sir, 

Yours faithfully. 

Secretary, 



FORM F. (BYE-LAW 9.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that in 
consequence of non-payment of your arrears of subscription, and 
in pursuance of Bye-Law 9, the Council have determined that 
unless payment of the amount (£ ) is made previous 

to the day of next, they will proceed to declare 

that you have ceased to be a member of the Institution. 

But, notwithstanding this declaration, you will remain liable 
for payment of the arrears due from you. 

I am, Sir, 

Yours faithfully, 

Secretary. 



FORM G. (BYE-LAW 10.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that 
they feel it their duty to advise you to withdraw from the 
Institution, or otherwise they will be obliged to act in accord- 
ance with Bye-Law 9 (or 10, as the case may be). 

I am, Sir, 

Yours faithfully. 

Secretary. 
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FORM H. (BYE-LAW 11.) 

BALLOTING LIST. 
President. — One Name only to be returned, or the vote will be lost. 
President for the current year (eligible for re-election.)* 

New Nominations, from whom to select ONE. 



1 



Vice-Presidents.— Eighteen Names only to be returned (including 
the fifteen who remain in office), or the vote will be lost. 



! Fifteen Vice-Presidents remaining in office. These do not 
require to be voted for at this election, as their term of service 
has NOT yet expired. 



Three Vice-Presidents retiring, eligible for re-election. 



-- \New Nominations, from whom to select THREE. 



Treasurer. — One Name only to be returned, or the vote will be lost. 
Treasurer for the current year, eligible for re-election. 



1 



New Nominations, from whom to select ONE. 



Ordinary Members op Council.— Fifteen Names only to be re- 
turned, including the ten who remain in office. 



Ten Ordinary Members of CJouncil remaining in office. These 
^do not require to be votetl for at this election, as their term of 

service has NOT yet expired. 



Five Ordinary Members of Council retiring, and NOT eligible 

for re-election. 



New Nominations, from whom to select FIVE. 



* To b« eroMed ool before iatoe, when the President ia not eligible for re-election. 
TOL. XIT.-1MB. ^ 
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N.B. — (fl) The names of those who remain in office will be counted in 
the total number required without being re-written by the voter. 

(b) Any list having either MORE or LESS than the required number of 
names voted for in any section will be disqualified for that section. 

(c) Votes as President for a person who is not elected will count for 
him as a Vice-President. 

(^d) Votes as Vice-President, or Treasurer, for persons not so elected, 
will count for them as Ordinary Members of Council, unless they have 
just completed a term of office in that capacity. 

(e) This list, duly filled in, may be returned to the Secretary by post, 
or handed to him, so as to be on the Council table before the commence- 
ment of the scrutiny, which is appointed to take place in the Council 
Room, at 8 p.m., on 18 

(/) A copy of this list shall be posted at least Seven Days previous to 
the Annual Meeting to every Member and Associate, who may erase any 
name or names from the list and substitute the name or names of any other 
person or persons eligible for such respective offices, but the number of 
persons on the list after such erasure or substitution must not exceed the 
number to be elected to the respective offices. 

Secretary. 



FORM J. (BYE-LAW 45.) 



Nobth-East Coast Imstitutiok of Enginbebs and 

Shipbuildebs. 



FORM OF PROXY. 
Fob Votes on Altebations to Constitution ob Bte-Laws. 



I, , being [an 

Honorary Member, Member, or Associate] of the above Institution, 

do hereby appoint Mr 

who is [an Honorary Member, Member, or Associate] of the same 
Institution, to act as my Proxy, and record my Vote at the General 

Meeting of the Institution, to beheld on the day of 

, 18 , and at any adjournment thereof. 



Signature. 
Address . . 
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NOETH-BAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Supplementary Bye-Laws Relating to the Graduate Section, 



I. — ^The Graduate Section shall be controlled by the General 
Bye-Laws of the Institution, and the following Bye-Laws are 
supplementary to these. 

This Section shall be open to all Members of the Institution 
who are under twenty-six years of age, who shall be at liberty to 
express their views upon any subject brought before the General 
Meetings of the Section. 

II. — The Ofl&cers of the Section shall be elected from and by officers by Baiiot 
the Graduates, in accordance with the Form given in the 
Appendix, and shall consist of one Chairman, one Honorary 
Secretary, and five Committee-men. The Committee shall have 
power to select one of its members to act as Assistant Honorary 
Secretary if required. 

III. — {a) The Officers shall be elected annually, and shall all 
be eligible for re-election until the age limit is reached. 

(Jb) Any voting paper I'eturning either more or less than 
one Chairman, one Honorary Secretary, and five Committee- 
men shall be disqualified. 

IV. — The Annual General Meeting shall take place as early 
as possible after that of the Institution in the month of October, 
and the Closing Meeting shall be held prior to the Closing 
Business Meeting of the Institution in May. 

V. — A Special General Meeting may be convened at any 
time by the Committee. The business discussed at such Special 
Meetings shall only be that indicated on the notice calling the 
meeting. 

VI. — Nine Members shall constitute a quorum for the purpose Quorum. 
of a General Meeting. 

VII — Excursions shall be arranged during the Session as the 
Committee may find expedient. Any Graduate wishing to intro- 



Election of 
Officers. 



Rider to General 
Bye-Law No. 11. 



General 
Meetings. 



Special General 
Meetings. 



Excursions. 
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'-Dmittee 
atings. 



duties of 

[on. Secretary. 



y Dopfiiii of Papcrii 
9 be read. 



topies of Papers 
be forwarded 
the Secretary 
f the Institution. 



dnce a friend at snch excursions most submit the name of his 
friend to the Committee at least three clear days before the date 
of the excursion. 

Seven clear days' notice of every excursion shall be given to 
every Member of the Graduate Section. 

COMMITTEE MEETINGS. 

VIII. — The Committee shall meet at as early a date as possible 
after the holding of a General Meeting, and on other occasions 
when the Chairman shall deem it necessary, being summoned in 
either case by circular, stating the time of meeting and the 
business so far as is known. All discussions of a personal 
character in the Committee shall be considered and treated as 
being strictly confidential. 

Four members of Committee, including the Chairman, shall 
form a quorum. 

IX. — The Honorary Secretary shall act under the direction 
and control of the Committee. He shall attend all Meetings, 
Committee and General, and shall take minutes of the proceed- 
ings and enter them in proper books provided for the purpose. 
He shall write the correspondence of the Graduate Section and 
Committee (excepting that arranging for excursions, which shall 
be arranged by the Secretary of the Institution). He shall keep 
a stamp account book, which on all occasions shall be open to 
the inspection of the Secretary of the Institution. 

PAPERS. 

X. — The author of a paper shall forward to the Honorary 
Secretary, at least fourteen days before the date of the reading 
of the paper, ibs title and a synopsis of the contents ; a copy of 
the synopsis to be forwarded to every Graduate, together with 
the notice convening the meeting at which the paper is to be 
read. 

XI. — After the reading of a paper a copy must be forwarded 
to the Secretary of the Institution in time to be placed before 
the Graduate Awards Committee. This copy, if deemed neces- 
sary by the Council, shall become the property of the Institution, 
and be placed upon the shelves in the Library. These copies, 
together with any sketches accompanying them, shall be written 
upon paper of uniform size. 
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APPENDIX. 

GRADUATES' BALLOTING LIST. 
Chaibmak. 

> i V Nominations from whom to select ONE. 






(B) 
( ) 



(S) 
(EE 

( 
( 
( 
( 



Hon. Segbetaby. 



j- Nominations from whom to select ONE, 
Committee. 



Nominations from whom to select FIVE. 



NOTES. 

1. — Any list having either more or less than the required number of 
names will be disqualified. 

2. — All voting papers must be returned to the Secretary of the Institu- 
tion on or before the day of , 18 . 

3. — No signature must be put on this paper. 

4. — • Signifies a member of the old committee. 

5.— (E) Denotes Engineer ; (EE) Electrical Engineer ; (S) Ship- 
builder. 

6. — ^A copy of this list shall be posted, at least fourteen days previous to 
the Closing Meeting of the Session, to every Graduate, who may erase any 
name or names from the list and substitute the name or names of any 
other person or persons eligible for such respective offices, but the number 
of persons on the list after such erasure or substitution must not exceed 
the number to be elected to the respective offices. 

7. — Votes as Chairman or Hon. Secretary, for persons not so elected, will 
count for them as members of committee. 
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THE LIBRARY AND READING ROOM RULES. 



Oonmlttee. 



Fropertj. 



Appointment of 
Oommlttee. 



Llbnrlan. 



DatlMof 
Ctommlttee. 



Hours of Opening 
and Closing, etc. 



1. — The Library and Reading Room shall be managed by a 
Committee, called the Library Committee, who shall have charge 
of all books, papers, specimens, etc., which may belong to the 
Institution. It shall consist of five members of the Institution, 
of whom at least two shall be members of Council. 

2. — The books and other property of the Library shall be 
vested in the Trustees appointed by the Institution. 

8. — The Library Committee shall be appointed annually, at 
the first meeting of the Council in each Session. No member 
who has served on the Committee for three years in succession 
shall be eligible for re-election until after an interval of one year. 
The Chairman shall be elected by the Council. 

4. — The Secretary of the Institution shall be Librarian, and 
shall also act as Secretary to the Library Committee. Three 
members of the Committee shall form a quorum. 

6. — The Library Committee shall be responsible for the 
binding and purchasing of books, periodicals, papers, etc., and 
for the expending of all money voted by the Council for its 
use. It shall appoint an attendant who shall act as Assistant 
Librarian. It shall make Rules for the management of the 
Library, subject to the approval of the Council, and present an 
annual report to the first meeting of the Council held alter the 
annual scrutiny of the books referred to in Rule No. 18. 

6. — Except when closed by special order of the Library Com- 
mittee, or when the Council is sitting, the Library and Reading 
Room shall be open for consulting, borrowing, or returning 
books, every week day as follows : — 

On Monday, Tuesday, Wednesday, 
and Friday 



10 a.m. to 12 noon. 
1 p.m. to 6*80 p.m. 

7 p.m. to 9 p.m. 
10 a.m. to 12 noon. 

1 p.m. to 5*80 p.m. 
10 a.m. to 1 p.m. 

8 p.m. to 9 p.m. 
The Rooms will be closed on Christmas Day and the day 

following. New Year's Day and the day following. Good Friday 
and the day following, Monday and Tuesday in Easter week and 



On Thursday 
On Saturday 



...{ 
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Whit week, on Tuesday, Wednesday, Thursday, Friday and 
Saturday in the Race week of June, and the first Monday in 
August (being Bank Holiday) ; also from the second to the fourth 
Saturday in July of each year, as mentioned in Rule No. 13. 

7. — Books shall not be lent to any persons except Membera, 
Associates, or Graduates of the Institution, but a pei*son entitled 
to borrow a book may send a messenger with a signed order for it. 

8. — Each member shall be entitled to introduce a friend to 
the Reading Room, whose name shall be written in the Visitors' 
Book, together with that of the member introducing him. 

9. — The books marked with an asterisk in the Catalogue 
shall be kept only for consultation in the Library, and shall not 
be lent. Pending the preparation of a Catalogue, the Librarian 
shall be instructed by the Committee as to which books shall be 
withheld from circulation. 

No periodicals, magazines, or pamphlets shall be issued for 
circulation until after they have been bound and added to the 
Lending Library. 

10. — The Librarian shall keep a register in which he him- 
self or the attendant shall enter the titles of the books lent, the 
date of lending, the name of the borrower, and the date of the 
return of the book to the Library. The borrower of the book 
or the bearer of his order shall initial the entry of such borrow- 
ing, and the Librarian or the attendant shall initial the date of 
the return of the book. 

11. — No person shall borrow or have in his possession at one 
time more than two volumes belonging to the Library. 

12. — No member shall retain a book longer than fourteen 
days, excluding the day of issue. He shall be responsible for 
the safe return of the book, and if it be damaged or lost he shall 
make good the cost of such damage or loss. 

18. — All books belonging to the Library shall be called in 
for inspection, and the lending out of books shall be suspended 
from the second to the fourth Saturday of July, inclusive, of each 
year, and members shall be required by notice to return all 
books in their hands before the period mentioned. 

Members failing to comply with this injunction shall pay a 
fine of two shillings and sixpence. 



Lending of 
Books. 



Vifliton. 



Reference 
Books. 



Unbound Books. 



Register of 
Books Lent, etc. 



Number Lent to 
each member. 



Return of Booki. 



Yearlj Inspection 
of Books. 



Fine. 



Members in 
Arrears. 
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14. — Members are requested, when in the Reading Koom 
or Libraiy, to contribute to the general comfort by carefully 
abstaining from loud talking and noise of any kind. Smoking 
is not permitted in the Library. 

15. — Any member being twelve months in arrears with his 
subscriptions to the Institution shall not be at liberty to use the 
Library or Reading Room after the commencement of the first 
Session following. 



N.B. — The foregoing Rules may be amended at any time by the 
Library Committee with the sanction of the Ck)uncil. 



NORTH-EAST COAST INSTITUTION 



OP 



ENGINEERS AND SHIPBUILDERS. 



FOUETEBNTH SESSION, 1897-98. 



PROCEEDINGS. 



The Fourteenth Session of the Institution was opened on the evening 
of the 14th day of October, 1897, with a conversazione and ball, at the 
invitation of the President (Col. Henry F. Swan, J.P.), in the Assembly 
Rooms, Westgate Road, Newcastle-upon-Tyne, and was attended by a 
large assemblage of ladies and gentlemen. 



FIRST BUSINESS MEETING OF THE SESSION, HELD IN THE LECTURE 
HALL OF THE LITERARY AND PHILOSOPHICAL SOCIETY, NEW- 
CASTLE-UPON-TYNE, ON FRIDAY EVENING, 5th NOVEMBER 1897. 



Col. henry F. SWAN, J.P., Pbbsidbnt, in the Chaib. 



The Secretary read the minutes of the Closing Business Meeting 
of last session, held in Newcastle-upon-Tyne, on May 12th, 1897, which 
were approved by the members present and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. Robert Thompson and J. R. Fothergill to examine the 
voting papers, and the following gentlemen were declared elected : — 
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PROCEEDINGS. 



MEMBERS. 

Brash, James, E.E. Draughtsman, 2, Bolton Terrace, Newcastle-upon-Tyne. 
Christie, Reginald, Electrical Engineer, Woodside, Tynemonth. 
Coates, Matthew C, E. Draughtsman, 26, Denmark Street, Qateshead-upon-Tyne. 
Dawson, Herbert, E.E. Draughtsman, 176, Prince Consort Road, Gateshead- 

upon-Tyne. 
Deighton, William, Director, Messrs. Deighton's Patent Flue Co., Vulcan Works, 

Pepper Road, Leeds. 
Eidman, William, Supt. Engineer, 89, Plymouth Road, Penarth. 
Graham, James Thos., Engineer, 126, Westmoreland Road, Newcastle-upon-Tyne. 
Griffith, Edwin, Engineer, Pier Cliff House, Tynemonth. 
Haramtlshi, M., Student in Naval Architecture, 13, Eversley Place, Heaton, 

Newcastle-upon-Tyne. 
Jack, Charles Eellie, Ship Draughtsman, 35, Cranbourne Terrace, Stockton-on- 
Tees. 
Jewitt, Charles Wm., Dry Dock Manager, West Park View, Stanhope Road, 

South Shields. 
Eaneda, Wasaburo, Ship Inspector, 39, Grove Street, Newcastle-upon-Tyne. 
Lang, William Veysey, Engineer, Messrs. Allsop & Co., Shipbuilders and 

Eng^ueers, Preston, Lancashire. 
Mail, M., Jun., Engineer, 8, Ashbrook Terrace, Sunderland. 
Montgomerie, Hugh, Ship Draughtsman, 38, King John Terrace, Heaton, 

Newcastle-upon-Tyne. 
Moore, Wm. Henry, Engineer, 18, George Road, Wallsend-on-Tyne. 
Nicholson, Thos. Head, Supt. Engineer, 90, Rye Hill, Newcastle-upon-Tyne, 
Ormonde, John Grey, Engineer, 35, Percy Gardens, Tynemonth. 
Perrett, Jos. Richard, Naval Architect, Victoria Villa, Low Fell, Gateshcad- 

upon-Tyne. 
Pirrie, Norman, E. Draughtsman, Brook House, 10, Wallbrook, London, E.C. 
Rosen, Jacob, Ship Draughtsman, Messrs. Armstrong, Whitworth, & Co., Elswick 

Shipyard, Newcastle-upon-Tyne, 
Wedgwood, Josiah, Naval Architect, Messrs. Armstrong, Whitworth, & Co., 

Elswick Shipyard, Newcastle-upon-Tyne. 
Willcox, Henry Walker, Consulting Engineer, 68, John Street, Sunderland. 
Willcox, Percy F. C, Consulting Engineer, 68, John Street, Sunderland. 
Wood, William, Shipbuilder, 6, Eslington Terrace, Newcastle-upon-Tyne. 

GRADUATES TO MEMBERS. 

Adams, Cecil T., Marine Engineer, 196, Holland Road, Kensington, London, W. 

Brown, Geo. Matthew, Engineer, Birk Heads, Marley Hill, Swalwell, R.S.O. 

Cookson, John A., E. Draughtsman, 2, St Edmund's Road, Gateshead-upon-Tyne. 

Edminson, Frank A., Ship Draughtsman, Fairfield House, Dumbarton Road, 
Partick, Glasgow. 

Hughes, Thos. Charles, Engineer, 3, Summerhiil Street, Newcastle-upon-Tyne. 

Lace, Basil T., E. Draughtsman, 26, Heaton Grove, Heaton, Newcastle-upon-Tyne. 

Robson, Nathaniel E., E. Draughtsman, 11, Point Pleasant Terrace, Wallsend- 
on-Tyne. 

Stephens, H. C. J., Engineer, 94, Fortess Road, London, N.W. 



PIIOCEBDINOS. 



ASSOCIATES. 



Bell, Alfred, Shipowner, 11, Osborne Terrace, Newcastle-npon-Tyne. 

Coates, Henry, Marine Surveyor, Hamburg Chambers, Newcastle-upon-Tyne. 

Harrison, Samuel Turner, Accountant, The Green, Wallsend-on-Tyne. 

Raine, John, Shipowner, Baltic Chambers, Sunderland. 

Sutherland, Arthur M., Shipowner, 7, CoUingwood Terrace, Newcastle-upon-Tyne. 

Winstanley, Robt. Hope, Accountant, 8, Kenil worth Road, Newcastle-upon-Tyne. 

GRADUATES. 

Adams, Jas. Wilson, E.E. Apprentice, 8, Belle Vue Terrace, Gateshead-upon- 
Tyne. 

Adamson, Charles P., £. Draughtsman, 29, North View, Heaton, Newcastle- 
upon-Tyne, 

Bolam, J. H., E. Student, 46, Northumberland Street, Newcastle-upon-Tyne. 

Currie, Hugh B., E. Apprentice, 41, Eldon Street, Newcastle-upon-Tyne. 

Dixon, John Wm., E. Apprentice, 7, Belle Vue Terrace, Gateshead-upon-Tyne. 

Donaldson, Henry B., S. Apprentice, 10, Lily Crescent, Jesraond West, 
Newcastle-upon-Tyne. 

Hamilton, James, E. Draughtsman, Messrs. The Royal Shipbuilding and 
Engineering Co., Flushing, Holland. 

Hobbs, Arthur, E. Draughtsman, 9, Gmsmere Terrace, Gateshead-upon-Tyne. 

Hutton, John S., E. Apprentice, 17, Claremont Place, Newcastle-upon-Tyne. 

Moore, Jas. Forster, Electrical Engineer, 6, Princess Street, Sunderland. 

Murray, Athole J., S. Apprentice, Hassendean, Beech Grove, Newcastle-upon- 
Tyne. 

Robinson, Francis, Engineer, Willing^n Rectory, Newcastle-upon-Tyne. 

Smith, John E., E. Apprentice, 16, Eslington Terrace, Newcastle-upon-Tyne. 

Waddingham, W. H., E. Apprentice, 30, Renfrew Road, Wallsend-on-Tyne. 

White, Hedley, Ship Draughtsman, c/o Messrs. C. S. Swan & Hunter, Wallsend- 
on-Tyne. 

Wilson, William S., E. Student, 123, Osborne Road, Newcastle-upon-Tyne. 

Wood, Lionel, E.E. Apprentice, 90, Rothbury Terrace, Heaton, Newcastle- 
upon-Tyne. 



PROCEEDINGS. 



The Sbcbbtary (Mr. Duckitt) submitted the Councirs Thirteenth 
Annual Report and Financial Statement. 

The Pbesidekt delivered a short Address. 

Mr. Archibald Hogg read a paper on " The Comparison and Con- 
struction of Ships' Lines." 



ranfzn. jsE^can I 






T^ GonncL uak vtsasnrt: n. grgr^tf ibax rat fTTiaTi?y^ or' xhe 
IsaEiiaLJuL art ^K iL L sznsaiciar; '-'aiidmiL. Tiit bbience fron. zitt 
Ifts Tear taidimr Jnj^ Jisi ^rufc £57*^ li%. I»L .♦:' im Tiit Coimcl iiat 
inreated in*: sim. d" £:i'»(' ol morontiPt whl int Tjn*: Impravfimsni 

The Cammiiiet aiiiK)iiii*?L it eanside! uit mkf T^iHitn;: k iht Bwaro- 
inff of tiit rtud luttdhif iitTiur fiuumm-c j(r iht acisepuoipe a: i^ 
Cc»imai 'j^isrUkUi nIisraiiaDE. lueet kiieruii..iiK wert 3iefe!T*fC «■ Lbt danu?^ 
lod iikrt rwjfcived iiRii: Lpprovbl mil Btiicdan. Titt new rmcE i3ie dov 
ftOftdiwi >:• Uie bv^r-iiiW^ iff lut InBLizniiaiL. 

Tbt Lhirwe*!iiiiL sessi'jL vhb c»:t»m**i wiii bl inbiinzrEL! lidcrss riven 
bx the DrTT Pr*sideiii OcL Eoirr F. Svhjl. J. P. ; and ccrinr iht asasiciii 
the folk/wiiir papsTE v-ert ra*c soic disrasKsd : — 

rwi*-TTi*fc. will t>"»n*t HesiLbi' ir;»iL auih:.* Bt Pn£ IL L. Wtachtaa. M-V 
~ Tlnr htiOfCdOfr Artatf ^tf TrfciiFrerst Stffti tnh." Bjr Mr. A. t. Sbarp* 
- Liaizid FtmL * Bv Mr. iL WfcHif, TTL. St. 
*Tbt MfcrirTHr-catting of Acctjk* Bevtil and Worm Geir^*" By Mr. J. H, 

•* Hizii Pre«;::ref f .t Mhriiit ETrziiM*." Bt Mr. W. R. CnTrnnias. 
** Gr»Tita.tirin Stiuz:;- Mili* f =r Quini Crasbipg." By Mr. D. B. Minrisoii:, 
The di*cTi«*i.'»i.f os Mr. J. F. WallicT* pajier oc ~ Xotes oe ibe MiiBt^naaof 
and Repair* 'f Mar.iit Bi'ikrs " and Mr. J. R. FoilieTgill's PM^cr ow 
^ Mmnikt Bi.iltTf . p*rt:cT:l»rly in reftr^aoe •-:• Efficiency of Combusiii^ 
and Hiirber Steam Pre*s:::Pt*.** "U>ili c-f which papers wei>e road At the 
InstitTition** meetiu^ in Cardiff, were cc^&tiDccd aiid closed. 

With the view of extending the inflnence of ibe Institution, the Council 
arranjred to hold a eeneral meetinsr of the members at South Shields. 
The experiment proved a sucorss, and it is intended to hold a similar 
meeting durinj? the ensuing session. 

The engineering gold medal for the twelfth session was prosontoii to 
Mr. J. Denholm Young for his paper on '* The Application of the \a\\\ of 
Similarity to Marine Propellers." 

By the express desire of certain members of the Institution, the 
Council resolved to hold an Institution dinner in Xewc«8tlo-uiH>n-Tyno 



6 COUNCIL REPORT. 

last February. This was so well supported by the members and their 
friends that it has been suggested to make it an annual function of the 
Institution. 

During the eighth session of the Graduate section the following 
papers were read and discussed, and the Council has pleasure in reporting 
that the meetings were well attended : — 

Opening Address by the Chairman (Mr C. W. Cairns). 

" Notes on Water Tube Boilers, as applied to Marine Work," By Mr. B. G. 
Nichol. 

" Notes on Screw Propellers." By Mr. R. Hinchliffe. 

*' Refrigeration on board Ships." By Mr. F. A. Edminson. 

** An Analysis of some Types of Throttling Grovernors.** By Mr. W. Lumley. 

" Weights on Locomotive Wheels." By Mr. J. Bowden. 

" Evaporation as carried out at the present time on board vessels of the Mer- 
cantile Marine, for purposes of Auxiliary Feed." By Mr. R. J. N. Willcox. 

The following places of interest were also visited, and the thanks of 
the Institution are due to the principals and managers of the various 
works for the kind and hospitable manner in which the Graduate 
members were received and the care taken to render their visits 
instructive : — 

Messrs. Corbitt & Sons*, Rope Works, Hebbum-on-Tyne. 
The Hartley Pit of the Seaton Coal Company. 
Sir James Laing's Shipyard, Deptford, Sunderland. 

The Northumberland Engine Works of the N.E. Marine Engineering Company, 
Wallsend-on -Tyne. 

Thanks are also due to Mr. F. Caws, of Sunderland, for his kindness 
in placing his rooms at the disposal of the Graduates in which to hold 
their Sunderland meeting. 

The prizes for the best papers read in this section during the previous 
(seventh) session were awarded as follows, the prizes being equal in 
value : — 

To Mr. J. B. Bent, for his paper on ** Alternating Current Motors on Single 

Phase Mains." 
To Mr. R. G. Thomas, for his paper on ^^ Some Notes on the Methods of 

Generating and Distributing Electric Power." 

Mr. C. W. Cairns has been re-elected Chairman for the ninth session, 
and Mr. B. G. Nichol has been elected Honorary Secretary. 

During the year the following additions have been made to the list of 
members :— Life Member, 1 ; Members, 49 ; Associates, 5 ; Graduates, 
13 ; and 7 Graduates have been raised to the rank of Members. 

The Council regrets to have to record the loss by death of the 
following : — Life Members, Mr. Hugh MacoU, V.P., and Mr. David 
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Halley ; Members, Messrs. W. Archbold, A. Blechynden, D. Oameron, 
Hedley Chapman, A. C. Coning, B. M. Dadd, J. T. Bltringham, 
H. Feldtman, Edwin Graham, T. F. Irwin, and W. Putnam ; Associate, 
Mr. T. Metcalfe ; Graduates, Mr. T. Carter and Mr. Bede Hancock. 

The Institution has also lost by resignations and other causes 48 
Members, 5 Associates, and 14 Graduates. 

In consequence of a large percentage of the Members neglecting to 
pay their subscriptions in conformity with the requirements of Bye-law 6, 
the Council considered it necessary to recommend an alteration in Bye- 
law 40, prohibiting the issue of copies of the Transactions to members 
whose subscriptions are unpaid. This was agreed to by the general body 
of members at the Closing Business Meeting of the session. 

Mr. John Gravell's term of office as representative of this Institution 
on the Council of the Durham College of Science having expired, he was 
re-elected by the Council as the Institution's representative for a further 
period of four years. 

Mr. Sunmiers Hunter and Mr. G. E. Macarthy have also been 
re-elected to represent the Institution on the Sub-Committees of the 
Northumberland County Council Technical Education Committee. 



8 FINANCIAL STATEMENT. 

NORTH-EAST COAST INSTITUTION OF 
STATEMENT of RECEIPTS and PAYMENTS 

IRecclpta* 

To Balance from last Account — £ s. d. £ s. d. 

AXi D&TiK. ••• ■•• ••« ,,t ••• ••• ••• o/o L\f O 

„ Subscriptions received for Session 1896-97 — 

246 Members at £2 2s £516 12 

471 Members „ £1 Is 494 11 

121 Associates „ £1 Is 127 1 

119 Graduates ,, 10s. 6d 62 9 6 
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„ Association of Foremen Engineers and Draughtsmen — 

One year's Subscription 

„ Life Member — H. B. Rowell 

„ Subscriptions received in advance — 

1 Member for Session 1897-8 

1 Member „ 1898-9 

1 Associate „ 1897-8 

2 Graduates „ ' 1897-8 .. 

„ Arrears for Sessions 1893 to 1896 — 

13 Members at £2 2s 

24 Members „ £1 Is 

6 Associates „ £1 Is , 

8 Graduate „ 10s. 6d... 

„ Transactions sold this Session 

„ Copies of Members* Papers supplied 

„ Tyne Improvement Commissioners — 

One Year's Interest to 21st June, 1897, on £605, at 3| 

per cent. ... ... . -•• ••* .•* ... ^x Xo o 

Viz. :— Medal Fund £274 

Graduates' Award and Life 

Members' Fund 331 
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• • • 
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£2 2 











2 2 











1 1 











1 1 
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£27 6 





25 4 











6 6 











4 4 





63 
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40 15 





• • • 


• • • 


37 19 


8 

'7ft 1 A Q 



£605 



JLj€S8~~~ i.2itJi ... •«• I.. ... ... .«. U 14 O 

One Year's Interest to 10th July, 1897, on £500, at 3f 
per cenc • • • • • • ... 

Less — Tax 



Half-year's Interest to 4th Maj? 
per cent. ... ••• 

Ij€SS-"T&X. ... ... 



, 1897, on £300, at 3 



18 15 





12 


6 


4 10 





3 






21 4 1 



18 2 6 



4 7 



£1,812 6 9 
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FOB Session ending 31st July, 1897. 



pa^ment0. 












By Tranaactions and Papers — 




£ 8. 


d. 


£ s. 


d. 


Lithographing 


■ • ■ 


149 7 


9 






Printing and Binding 


• • • 


314 10 





463 17 


9 


„ Stationery and Circulars 


• • • 


69 14 


f^ 


„ Reporting 


• • • 


23 16 









„ Bents — 












vuices ••• ••• ••• ••• ••• ••• 


• * • 


111 4 









Lecture Boom 


• • • 


8 9 









Telephone ... 


• • • 


8 









ff Bates, Gas, Electric Light, and Insurance 


• • • 


30 5 


5 






„ Salaries — 












Secretary, Salary 


• • • 


275 









„ Commission 


• • • 


64 11 









Assistant Librarian 


* • • 


35 









Office Boy ... 


• • ■ 


10 









„ Postages, Stamps, Post Cards, Parcels, etc. 


• • • 


100 


8 






„ SecretAry^s Expenses and Allowances to Hall Keei)crs, 


etc. 


28 2 


8 






t, Office Expenses, Coals, Cleaning, etc 


• • • 


23 6 









„ Measured Mile Posts — Rent 


• • • 


6 6 









„ Auditor's Fee ... 


• • • 


5 5 









„ Lantern Expenses 


• • • 


2 3 


6 


801 3 


9 


„ Library Account — 








,^% w iV X#CXJlko ••• ••« ••• ••• •■• ••• 


• • • 


7 9 


9 






Bookbinding 


• • • 


13 10 


3 


21 
4 14 






,, New Furniture 


• • • 







„ Gold Medals* Fund- 
One Gold Medal awarded 

„ Graduates' Award Fund — 

Amounts awarded for Pai)er8 

„ Tyne Improvement Commissioners — 

Amount invested at 3 per cent, for 15 years, from 4th 
November, 1896 ... 

„ I^lance at Bank 



5 10 



7 11 



300 
208 10 3 



£1,812 6 9 



10 
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PROCEKDINGS. 11 

The President had pleasure in moving the adoption of the Councirs 
Report and Financial Statement. 

Mr. G. D. Weir seconded. 

The reports were adopted mm. con. 



opsarfG- RiryARurs by ths PBJbm>E2fT. 



OPENIXG ELEXARKS BY THE PRESmENT. 

The Presldjsjt said, I chink joa wiH confer the report of the 
Ooancil to be very safiisCactorr* e^)ecially the financial side. The 
Institution has now gqc invested fcawfe altogether of £1,405 — £490 
belongs co the Medal and Gradm&te Section — leading a balance belonging 
to the Inscitntion proper of £915. We commenced the year with a 
balance of £79, and this scacemenc shows at the doee of the financial year 
a balance of £^08, so thac during the year we have gained £129. As 
regards the number of members* we had lasc year a net balance of 974, 
that is, after deducting resignations and deaths^ and we have now an 
accession by those who have been voted for to-night — ^25 Members, 6 
Associates, and 17 Graduates, or 4S in all — so that the total membership 
is 1,022. I am sure you will all share with me the expression of regret 
at the serious list of losses we have suffered this year by death, amounting 
to 16, who were with us when we commenced the session, and who are 
not with us now. Amongst those I cannot help speciaUy referring to 
Mr. Hugh Macoll, Vice-President, who, I was going to say, more than 
any other member almost of the Institution, but, certainly, second to 
none, laboured to promote and benefit the Institution in every possible 
way. He had its welfare thoroughly at heart, and spared no pains to 
promote its efficiency. We most deeply deplore his loss. We have also 
to regi'et the death of Mr. Blechynden, who was one of the earliest 
luembera of the Institution, and contributed very valuable papers from 
time to time. He has been cut off in his prime, and we aU deplore his 
loss. I have referred to our having now 1,022 members of all classes, 
which is a large number, and I only wish that we could, in some 
way, infuse a little enthusiasm into a considerable proportion of that 
number so that our general meetings might be better attended than they 
are. I must say nothing during my term of office has been so dis- 
appointing to me as the small attendances. We seem to want something 
to stir UH up and get a little fire into our discussions, and so promote 
interest and elicit conflicting opinions, if you like, so as to draw out 
)>*)ints that might otherwise lie dormant. I may say the Graduates set 
lis a good example in that respect. Some of the papers which have been 
reaii by them have been extremely interesting and instnictive, and their 
<lii»cuiisioiiM have been conducted with a good deal of enthusiasm, and I 
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am quite sure great good arises from these discussions, both to the 
students themselves at the present time, and I hope it will tend to make 
them very useful members of the Institution in the future. The experi- 
mental engine, which was kindly contributed by no less than 29 firms in 
the neighbourhood, has been of immense value to the Institution, and 
under the able care of Prof. Weighton will, I am sure, still further 
gives us most valuable information in the future. I have remarked 
upon the poor attendance, and I must say I was extremely sorry 
that Prof. Weighton had to read his most comprehensive and valu- 
able paper on the results he had got from that engine to a very 
small audience. It is rather a poor return to a man who has given 
so much care, thought, and time, and prepared for them such an amount 
of valuable information, to find the members not there to receive it and 
countenance him in his efforts. I am sure Prof. Weighton will, in the 
future, be prepared to give us still further information on the results of 
his experiments, and I hope the members of the Institution will evince 
their interest in the matter by attending in larger numbers to hear him. 
It is always difficult, in getting papers, to have them of a sufficiently 
interesting character. It so happens that last year practically the whole 
of the papers were on engineering subjects. This session we are going to 
be rather the reverse, and practically the whole of the papers will be on 
shipbuilding subjects. We will now see whether our shipbuilding 
colleagues will take more interest in the matter than the engineering 
section did last session. One of the bye-laws (No. 24) provides that 
members may bring forward subjects that may be of interest in 
connection with Lloyd's sections, scantlings, and so on. If, therefore, 
anyone has suggestions to make in that respect the Institution will be 
very glad to hear them and have them put forward in the proper quarter. 
The paper to-night is a shipbuilding paper, and I hope you will find it 
an interesting and useful one. I will not detain you longer by any 
remarks of my own. I would only say this much with regard to what is 
of paramount interest at the present moment, that is the unfortunate 
strike now going on ; it is a subject that deeply affects us all, and I am 
quite sure that if the men and their leaders could be got to appreciate 
what foreign competition means the strike would, perhaps, never have 
occurred, or, at any rate, have been ended long ago. I feel justified in 
making these remarks in connection with a scientific institution, because 
I believe it is largely through the spread of technical knowledge in 
Germany and other countries that we are now having to face a compe- 
tition which was never thought of in former years, and it is much more 
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deep and searching than the workmen care to beUeve ; bat we have only 
to cast aroond and see the splendid prodoctions our foreign friends are 
making — for instance, the largest Atlantic ** grejhonnd " has been bnilt 
in Germany — in order to appreciate the ^t that foreign competition is 
no bogey. Let ns, as a scientific institution, try to do what we can to 
foster amongst oar own people at home ideas as to how to produce ships 
and machinery in the cheapest way, coupled with the fullest efficiency, 
and thas be able to tackle foreign competition as far as in us lies. 
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THE COMPARISON AND CONSTRUCTION OF 

SHIPS' LINES. 



By ARCHIBALD HOGG. 



Read befobb the Institution, in Nbwcastle-upon-Ttne, on 

NovBMBKE 5th, 1897. 

The writyer's object in bringing forward this paper is to illustrate a 
method of comparison and construction of the under- water part of a ship's 
hull, a method which has been developed from a close study of the forms 
of ships of every description, more particularly those of the mercantile 
marine. 

When designing a steamer, the naval architect arrives at the suitable 
proportions and power from the perfonnance of previous ships; it is 
necessary, therefore, that he should be well acquainted with the ever 
varying form. If the value of a ship's form could be denoted by a single 
figure, the difficulty in comparisons and power estimates would be greatly 
simplified. The writer has not been able yet to accomplish this, but he 
hopes to explain how the form of any ship may be graphically ascer- 
tained from the position of a single spot on a diagram prepared with a 
series of curves. 

In constructing the line plan the case is rather different, as we are 
now dealing with something more tangible. The writer will have pleasure 
in illustrating a method by which the architect is enabled to design the 
lines enclosing at one drawing the desired displacement and longitudinal 
position of centre of buoyancy, without trial and error, as is usual at 
present. 

The writer is aware that much has already been written on this 
subject, but he believes there is still scope left for another paper. 

Comparison. 

For the purpose of studying and comparing the proportions of the 
hull, it is sufficiently accurate to use a block figure bounded by straight 
lines, but the block should be a very close approximation to the actual 
vessel The block, which is proposed for this, is a modification of Dr. 
Kirk's block, as seen in Diagram C (Plate II.). There are two forms 
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shown, the black lines being for a ship with the usual angular bottom 
and perpendicular sides, and the dotted lines for a ship the sides of which 
have a "lie out." 

Dr. Kirk's block does not approach the form of the actual ship, 
except in the lengths of entrance, etc., mid-area, and wet surface; but the 
latter is sometimes as much as 8 per cent, in error, so that it is only use- 
ful for similar ships. 

In the present block, the lengths and mid-area are similar to Dr. 
Kirk's, but the wet surface is not taken from the block, but from a 
dfagram of curves which gives the wet surface within 1 or 2 per cent, in 
every case. The information given in this diagram is taken from a 
large number of line plans, specially drawn for the purpose by the writer. 
In order to approximate the shape of the mid-station, the draught, or 
both the beam and the draught, will be reduced according to the shape. 
In the case shown in black, the draught only is reduced, and in the case 
shown in dotted lines, both beam and draught are reduced, the block beam 
being made a mean between the breadth at the upper turn of bilge and at 
the load waterline, the draught being made so as to enclose the mid-area. 
The plan of the block is an approximation of the mean waterline. 

The hull, as represented by this block, is composed of two parts, viz., 
draught and mean waterline, but the latter is itself composed of a number 
of parts which are studied separately; these are — the length overall, 
lengths of entrance, run and parallel middle body, and also the angle of 
entrance. We get the clearest idea of these proportions by measuring the 
lengths, etc., with the " beam " as a unit of measurement. Thus we say 
the length is eight beams or six beams ; again, we say the length of 
entrance is two beams or four beams, and so on. Generally, it will be 
sufficient to consider the mean length of entrance and run, and only in 
exceptional cases will it be necessary to consider each separately. 

Referring to Diagram C (Plate II.), it will be noted that the tangent 
of the angle of entrance is always '5 divided by the length of entrance 
(in beams) ; '5, which is the half-beam, remains constant, while the length 
of entrance alone varies. The length of entrance is the only dimension 
which entails some difficulty in obtaining, but it will be seen that the 
mean length of the block is a certain fraction or coefficient of the total, 
and that the remainder is the length of entrance. 

In constructing this block three coefficients are used : (1) block 
coefficient, (2) mid-area coefficient ; and (3) cylindrical coefficient. No. 
1 is usually called the coefficient of fineness, but this is a misnomer, as it, 
alone, gives no idea of the form. 
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1. Block coefficient ^ Diapla(gnenUn cubic feet Symbol F. 

2. Mid-area coefficient = -^ — ^ , . Symbol A. 

o n T J • 1 oi ' ,. Displacement in cubic feet „ i. i r. 

8. Oylindrical coefficient = — ^—-^ ^ , Symbol C, 

L X mid-area "^ 

Having any two of those coefficients, the third can be readily found. 

F 
It will be seen from the following proof that -r = C : — 

Displacement in cubic feet = L x B x ^ x F, 

also do. do. = L x B x ^ x A x C, 

therefore LxBxc?xF = LxBx^xAxC, 

therefore F = A x C, 

F 

^ = c. 

The cylindrical coefficient denotes the fineness of the curve of station 

areas. It has been shown above that L x mid-area x C = displacement, 

so of course the mean length of the block must be L x 0, and the length 

of entrance must be L x (1—0). Suppose the length of the ship to be 8 

beams and '7, then the mean length = 8 x '7 = 5*6, and the length of 

entrance = 8 x (1— "7) = 8 x '3 = 2*4, also the tangent for the angle of 

'6 
entrance = ^;j The length of the parallel middle body will be 8 — 

(2 X 2-4) = 8-2 beams. 

The mid-area and cylindrical coefficients are those that give the best 
idea of the form. We can have a direct range of these coefficients, 
starting from the finest and gradually increasing. If we assume that 
fine ends and full mid-areas give the best form for speed, and that '56 is 
the lowest cylindrical coefficient that should be used, i.e., for a sea-going 
steamer, then this coefficient will remain constant until the mid-area 
coefficient reaches '96 or thereabout, beyond which the mid-area coefficient 
will remain constant while the cylindrical coefficient will increase to '9 or 
more in very full and long ships. 

It requires considerable intimacy with the ship's form to realise the 
fineness or fulness from the general dimensions and coefficients only, or 
yet when looking at a model, and also to be able to compare one ship 
with another and decide confidently which is the easier form, especially 
when the ships have only a slight difference in the proportions of lengths 
and coefficients, and much time is spent in deciding what ships already 
bnilt compare most favourably with a new proposal. These difficulties 
would be completely overcome if we could, as already stated, denote the 

VOL. ZIV.-U07. 2 
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value of the form by a single figure. A near approacli to this is the 
set of curves shown on Diagram B (Plate I,), where the proportions of 
the form arc graphically seen the moment the ship is indicated. A 
single spot indicates one ship ; the finest ships are located at the left- 
hand bottom corner, and the fullest at the right-hand top corner. 

On the left hand is a scale of cylindrical coeflScients, on the bottom a 
smlo of lengths in beams, on the bottom is also a scale of angles of en- 
trance, which is continued up the right-hand side. An example will best 
ilUistmte the application of this diagram. The black spot A indicates 
a ship having a length of 8 beams, a cylindrical coefficient of '7, and 
a block angle of entrance of 11 degs. 45 mins. This angle is found on 
the diagram by following the curve which passes through the spot until 
it meets the line marked "centre line ;" the other spot B indicates a ship 
having the same angle of entrance, but the length is only 6 beams, and 
the cylindrical coefficient is '6. The draught of the block is the only pro- 
portion which is not shown, but this being simply, more or less, a 
fraction of the beam, can be written beside the spot. 

If such a diagram was used in the drawing office it would be advisable 
to k^p separate sheets for eacli of the different types of ships, such as 
light draught vessels, tugs and yachts, cruisers, fine merchantmen, 
tmmpB, etc. (The scales could be shortened and enlarged to suit the types 
of ships. Each diagram would be drawn on paper about 2 feet square ) 
These vessels would be permanently marked on their respective sheets, so 
that we could tell at once what ships to take to base a new proposal on. 

Diagram B (Plate I.) shows how the cylindrical coefficient varies with 
any increase in the length while retaining the same angle of entrance. 
The mid-area coefficient varies in the same way with any increase in the 
draught, while retaining the same comparative bilge and bottom. We 
have in diagram A (Plate I.) a similar set of curves which deals specially 
with the mid-station. 

On the left hand is a scale of mid-area coefficients, and on the bottom 
a sdalo of draughts in beams. (These draughts are the actual mean 
draught of the ship, and not the block draughts.) The right-hand line 
tl^prescnts the top of keel. An example will best illustrate the applica- 
Uon of this diagram : — The spot A indicates a mid-station having a 
draught of '4 beam and a coefficient of '876 ; the other spot B is for a 
utation having a draught of '5 beam and a coefficient of '9. These two 
uttttions have the same comparative bilge and bottom ; this is seen on the 
diagram, because the same curve passes through the two spots. The 
tluest stations are located at the left-hand bottom comer, and the fullest 
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at the right-hand top corner. Separate sheets of this diagram could also 
be kept for the different types of ships. 

Before passing on to the construction of the line plan, it may be 
stated that when studying the coefficients the size of the ship should be 
taken into account, because in small ships the coefficients would be lower 
than those for large vessels. This will be partly illustrated by Diagram 
D (Plate I.), where two stations are shown, each having the same pro- 
portions. The smaller appears the fuller. This would be more apparent 
if we were looking at the actual ship. The reason is, being smaller, the 
bilge has a sharper curve. 

Construction. 

In constnicting the line plan the naval architect has to fulfil the 
following conditions : — (1) It must have a certain volume of displace- 
ment ; (2) the centre of the volume must be in a certain longitudinal 
position ; (3) the surface must be " fair ; " and (4) the curves ought to 
be good ship-shape curves. 

Let us suppose the dimensions and coefficients as having been 
decided upon, and all the preliminary lines drawn. 

The most important line in the ship is the curve of mean waterlines, 
this line is also the curve of areas of stations, which means that it is the 
curve of distribution of displacement, and therefore it ought to be 
" directly " considered and the ** first " line to be designed. The stations 
being then made to areas taken from this curve. 

The side line of the block, as shown on the plan view in Diagram C 
(Plate II.), is the mean waterline of the block; it also represents the 
curve of areas of stations drawn to the scale of one-half beam equal to 
the mid-area, because the stations are rectangular, and the depth is com- 
mon to all. It follows, then, that if the curve of areas of the actual 
ship's stations was drawn to the same scale it would practically be the 
mean waterline of the ship itself. 

There are, of course, different opinions as to the correct form of this 
curve, but there can be no doubt (1) that it is the main feature in the 
lines, and (2) that all vessels ought to have the same character of curve 
whether finer or fuller. This cannot be done unless we keep standard 
cun'es or tables from which a curve of any area can be taken. The 
writer of this paper has a set of standard curves which he has used for 
some years with very great success. lie has found that successful lines 
can be designed for all classes of ships, fine or full, shallow draft, spoon 
bows, etc., with this ** one " character of curve. The usefulness of this 
set of curves led to their being published in 1896 in the form of tables. 
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The oflfeets are given as coefBcients of the midship breadth of the curve, 
and thus are suitable for drawin£:s of any scale. The character of these 
curves is illustrated by Diagrams E (Plate II.) and F (Plate I.). 

In Diagram E (Plate II.) a comparison is made with curves taken 
from successful and high-class ships. Nos. 1 and 2 are from ships where 
the cylindrical coefficients are exceptionally fine. Against these is drawn 
in by dotted lines the finest curve from the tables, which means that a 
smaller mid-area would be used to get the same displacement. In No. 3 
the two curves have the same area, No. 1 is practically the same character 
of curve as No. 2, but No. 3 is quite different from either Nos. 1 or 2. 
The writer has found many different curves in use. When not specially 
considered, it is veiy easy to alter the character without noticing that 
you have done so. 

In Diagram F a comparison is made with a trochoidal and with a 
sine curve, No. 1 is a trochoidal, the coefficient being '5, which the writer 
considers too fine for a sea-going ship. No. 2 is the finest curve given 
in the tables, and has a coefficient of '56. No. 8 is a curve of sines, 
while No. 4 is taken from the tables, and has the same area as No. 8 

It should be noted that the curve of areas does not end on the 
perpendiculars. In ordinary merchant ships it would be on the aft side 
of the stem, and on the rabbet line at the load waterline aft. In a 
cruiser with a ram bow and part of the stern in the water, it would end 
at the fore side of the ram, and at the aft end of the stern at the load 
waterline. It should also be noted that the real length of the ship is the 
length over the curve of areas. This is the length that is taken for all 
comparisons and coefficients. 

If the centre of this area curve, which is the centre of buoyancy, is to 
be placed at the half length of the curve, then the same cylindrical co- 
efficient would be used for each end. If the centre is to be forward or aft 
the coefficients would be different while keeping the same mean as if the 
centre was at the half length, as given in the writer's tables. This mean 

coefficient is modified by adding and substracting the quotient . , , 

where x is the distance in feet of the C.B. from the mid length, and c is 
a constant which varies directly as the ship's length. Its value will be 
more or less according to the character of curve used ; for that given in 
the tables, alluded to above, it is '1 for a ship 100 feet long. 

The stations are now sketched on the body plan to the areas taken 
from the curve. The simplest way to do this is to draw rectangular 
stations enclosing the areas, then to sketch the curved stations enclosing 
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the same areas. Diagram G (Plate I.) illustrates the method. Place a 
tenth scale obliquely across the half body plan, as shown at a in No. 1 
view, dividing the half breadth into ten parts, and then spot oflF the mid- 
area coefficient. A line drawn through this spot will enclose an area equal 
to the mid-area. Change the scale to h position, dividing the mid-area half 
breadth into 10 parts, and spot off the coefficients of the end stations, 
these are either read direct from the tables or measured from the curve. 
No. 1 view shows this rectangular body plan. The curved stations are 
easily sketched, so that they enclose the same areas. First sketch by 
hand, as near to the area as the eye can guide (see No. 2 view), trace the 
part A D L on a piece of tracing paper, and apply this tracing to the part 
BOD, keeping the pencilled side downwards so as to make an impression 
on the drawing below, when we trace on the back the part which is taken 
up F E M, and leaving the part E E M, which has yet to be applied to 
FOE. The two areas can be made to agree in two or three minutes. It 
takes about half an hour to sketch in all the stations, ».«., accurately; 
but if only approximate stations are wanted, it can be done in about 15 
minutes, or less. No curves or moulds are used in sketching this body 
plan. There is usually some requirement i in the design which guides 
the sketching of the stations, such as shape of stern, mid-station, etc. ; 
and, as the stations have a fair curve of areas, it will be found that the 
surface will be practically fair, and that very little trouble is experienced 
in completely fairing. 

If the fairing lines are taken in the correct order, the line plan will 
often be faired without rubbing out a line from the half breadth or sheer 
plan. (Of course to draw like this requires some experience). The reason 
is that when any one line is faired and the stations modified, keeping the 
same areas, the surface has three points which are fair, viz. : — (1) Deck 
or knuckle line ; (2) curve of areas; and (8) the line which has been 
faired. To these may be added the ending of the curve at the keel. 

The first line to fair in the fore body is the load waterline. Although 
the areas of the stations are fixed there is plenty of scope to vary the 
form of the load waterline, or with one waterline breadth to vary the 
form of the station, which can be as much V or U shaped as required, 
we can cut away the deadwood or leave it on. This applies to either the 
fore or after ends. 

There are different opinions as to the form of the load waterline, but 
whatever the form is, its value is affected by the form of the hull below, 
for instance, take the two cases shown on Diagram (Plate II.), they 
have the same length and the same breadth on load waterline, draught. 
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displacement, and mid-area. The ship shown in dotted lines is the finer, 
for, by angling the ship's side the mean beam is reduced, and this reduces 
also the angle of entrance, because the length of the entrance remains the 
same ; while the stability is practically the same in both cases. This 
point is worth consideration in designing very fast ships. 

The wet surface is a good guide in designing, more especially in fast 
ships where there are no restrictions on the shape of the stations. If 
we design a number of line plans, on the same basis, all having the same 
displacement and dimensions, but different mid-areas, we find that the 
design with the greatest mid-area has the least wet surface. In lines 
specially designed for a high speed, the curve of wet surface, i.e., girth of 
stations, ought to start at each end from nothing and be a fair curve like 
any other curve in the ship. The writer gives, in his book of tables, a 
set of curves from which the wet surface can be found for any vessel. 

The study of ship's lines is a very interesting one, and becomes much 
more so when we have some regular method which allows us complete 
freedom and in no way prevents us from exercising our judgment in all 
the branches of designing. Having such a standard set of curves as 
mentioned above, enables us to construct any line plan, direct, without 
trial and error. If it is desired to use a different character of curve for 
each of the various types of ships, one can be taken from the tables and 
be easily modified while keeping the same area ; it is better, however, to 
have only one set of curves, it ensures a certain uniformity, which is very 
desirable, and will assist in simplifying the problem in connection with 
propulsion. 

The writer intended originally embodying in this paper some ideas 
and hints for designing and drawing attention to some peculiarities in 
the form of the hull, but he found that the paper was extending too 
much, and, perhaps, being complicated, so felt compelled to give it as 
has been done. 



DISCUSSION. 

Mr. Edwin W. Db Rusett (Vice-President) said he would much 
rather have waited until some other friend more conversant with this 
subject had spoken ; but he could congratulate Mr. Hogg very heartily 
on his paper. He did this, not because it was the usual thing ; but, 
having been on the Reading Committee, he had read it with much 
interest. It evinced much thought and care. He was somewhat sur- 
prised at his firm (Sir W. G. Armstrong, Whitworth, & Co., Ltd., 
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Walker) letting so much valuable information go out of their office. With 
regard to the curves, they were exceedingly interesting, and very valuable. 
He (Mr. De Rusett) had used curves A and B, or very similar ones, for 
some time. They enabled one's mind to grasp the idea of the fineness of 
model from coefficients, which otherwise were confusing, and conveyed 
very little to the mind, as they were affected by the relation of length to 
breadth, and breadth to draught. By these curves, a naval architect would 
be enabled to grasp more readily the relation of "block," or prismatic, co- 
efficients of vessels having dissimilar proportions. To give an idea of 
what he meant, he said his firm had built a vessel having a block coefficient 
of "8, and when taking surveyors round the yard had asked them, " What 
do you think is the coefficient of this ship ? " " Oh, about -75." They 
were surprised to know it was as full as '8. They could not get a very 
good idea of what form a block coefficient represents, until the relation of 
length to breadth is known and appreciated. In fact, a vessel of 7 beams 
in length, having a coefficient of '75, may become a vessel of '8 if the 
length is increased to 9 beams by adding parallel middle body, the ends 
in each case being identical, and, consequently, of equal fineness. Curves 
of sectional areas were used in his yard when getting out lines, the choice 
of the curve depending on what the vessel was intended to do, its speed, 
etc. These curves, of course, represented the whole displacement of the 
ship, and the relation of the forward to the after body. He could only 
make a few general remarks, but he would recommend his friends present 
to keep Mr. Hogg's diagrams by them, and use them. They would be 
found exceedingly useful, and if any members were more used to the 
expression "block coefficient" they could very soon construct block 
coefficient curves for themselves on the same principle. 

Mr. Robert Thompson (Past-President) said he wished to catch a train, 
and was afraid he could not speak fully on the paper at this meeting, but 
he would like to thank Mr. Hogg for reading so useful a contribution. 
He was not surprised at his (Mr. Hogg's) firm allowing the information 
to go out. Similar remarks to Mr. De Rusett's on this point were also 
made by other gentlemen when he, as President, gave special information 
to the Institution. People were surprised at it ; but he thought it was 
one of the uses of an Institution of this kind to give information to those 
anxious to obtain it. They did not want to stop where they were, but 
wanted to progress, and he was quite sure from the paper they had heard 
there was sufficient matter to go a step further, probably, than they had 
been going. He quite agreed with Mr. Hogg in his coefficients. He 
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was surprised that any one, as remarked by Mr. De Rusett, could not tell 
the difference between •? and '8, but he would not say if he could tell 
one between 75 and '76 as to which was the finest ship. If they had a 
sharp bilge they had fine ends, and still the block co-efficient the same. 
Mr. Hogg had given them tables from which they could choose the form 
they required, and that was a great matter for young draughtsmen. There 
was a basis form ; but they still had freedom in the design of the ship, 
and some men were bom designers. He was one who believed they had 
not attained anything like perfection in shipbuilding yet, and such 
information as they had got from Mr. Hogg would help all of them, viz., 
those who wanted a perfect form. There were various ideas and opinions 
as to form, but here they had a system indicated very clearly which 
showed they could vary form as they liked. If a man choose one form, 
he could get his dimensions as leading lines and so design his ship. This 
was what brought them to a better form and got better results in speed 
and stability. There was only one thing he would like Mr. Hogg to tell 
them at the next meeting. He says : " The draught of the block is the 
only proportion which is not shown ; but this being simply, more or less, 
a fraction of the beam, can be written beside the spot." It could be 
written if they knew it, it did not seem to indicate it. He should like, 
perhaps at another meeting, to say more upon this paper. 

Mr. G. B. Hunter said he had not heard the paper read. Mr. De 
Rusett seemed to think himself old-fashioned in the use of certain terms, 
but what must he be who was so much older, and who could remember 
the times when the approved practice in designing ships was to erect 
the midship frame timbers, put on some ribbons from amidships to the 
stem and stem post, bend the ribbons to the right shape with shores, 
and make moulds from the ribbons from which to cut out the remaining 
frames. There was one thing said by Mr. Thompson with which he 
heartily sympathised, not only as to the desirability, but as to the duty 
of designers and firms having information that would be useful to other 
members of the profession to give it out for the benefit of all. He said 
so for several reasons — first, because it was a duty to the Institution ; 
secondly, because he did not think any of them so very clever as to be 
oxclusively in possession of all valuable information. He thought they 
could all learn from each other. If one of them had information of great 
value to himself and others and was willing to make it known for the 
iKJuefit of all, he was quite sure some other members had information 
tH|ually valuable, and so were able to reciprocate, and thus No. 1 gets as 
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much as he gave. Another and a third reason was, he had never found 
a gentleman clever enough to take any particular and exclusive advantage 
of information thus given out, and he had never seen information of this 
kind used in such a way as to make the givers regret having presented 
their special knowledge to the world at large. They all knew the broad 
spirit Mr. Thompson had shown, and he believed all the members of that 
Institution more or less agreed with him and desired to give for all any 
information they had, a spirit which, he hoped, would always pervade 
that Institution. 

Mr. R. Saxton White said he did not like to sit still without saying 
a word of congratulation to Mr. Hogg. There was a great deal of valuable 
information to be gathered, especially by their younger members, from the 
interesting paper and diagrams brought forward by Mr. Hogg. He had, 
of course, naturally watched with very great interest the developments 
that Mr. Hogg had made in bringing his ideas to their present very 
complete, accurate, and at the same time simple form. Certainly at first, 
when in the course of his duty, Mr. Hogg was asked to make preliminary 
sketches of proposals to fulfil certain conditions, he would produce his 
little book with its rows of figures, and these, with the curves resulting 
therefrom, checked by the transferring of one triangle to the top of 
another, and arrive, within a surprisingly short time, at the required 
displacement, and at, what was of almost equal importance, the correct 
position of the centre of buoyancy. He (Mr. White) had certain doubts 
as to the correctness of calculations arrived at in such extremely short 
times, but after (and he was speaking not of one case but several) complete 
designs had been worked out he was very pleased to tell Mr. Hogg and 
the gentlemen present that as a rule his original figures were confirmed in 
a remarkable degree by the finished designs. They all had to consider 
conditions, make proposals, and give quotations very frequently at a very 
short notice, and if anyone who had that duty to fulfil could bring before 
them a full set of sections of a ship from which approximate machinery 
plans could be got ready, so as to be filled in by the engineers with the 
shortest possible loss of time, this being frequently required to complete a 
design, it would be doing a good work. Mr. Hogg's system, so fully 
described in his paper and diagrams, saved them not only a great deal of 
very valuable time, but by its simplicity made preliminary designs much 
more correct and reliable than was ordinarily the case with draft designs, 
with the further great advantage that his system laid down no hard and 
fast lines restricting the designer in the special requirements of the pro- 
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posal, bnt leaving him practically a free hand. He therefore thought the 
working ont of snch an elaborate and exact system, simple and free as it 
nndonbtedly was, to a degree, did Mr. Ho^ considerable credit. He 
knew the immense amount of work and trouble he had taken to bring 
this information into such a form that "those who run may read," the 
general principles underlying and governing his tables and diagrams, and 
lie thonght the Institution as well as Mr. Hogg might be congratulated 
upon the information thus afforded to its members. 

Mr. Geo. N. Arnison said he had listened with great pleasure to the 
reading of the paper, although having had one of Mr. Hogg's books in 
his possession the topic was not altogether new to him. He would 
recommend anyone who had not a copy of Mr. Hogg's Tables far Can- 
structiru/ Ships' Lines to get one and study it along with this paper. 
Certainly, for yonng draughtsmen it was most instructive. Mr. Hogg 
had reduced to a system the designing of a vessel. A quarter of a 
century ago it would have taken a couple of days to do what now could be 
done in a few hours by the process laid down in Mr. Hogg's paper* He 
had no words of criticism to offer in regard to the system, because he did 
not see how it could be improved upon. It gave elasticity and enabled 
every designer to follow his own ideas, and thus recommend itself to all 
naval architects. He did not know whether he should mention another 
matter while on his feet, but they all had participated in the President's 
very kind hospitality the other evening, and he thought it was their duty 
at this the first regular meeting of the session to acknowledge his kind- 
ness, and he felt it to be a privilege to propose a very hearty vote of 
thanks to him. He believed the attendance was a record one, it seemed 
to bo so, the rooms were fuller than on any previous occasion, which 
showed how much they respected their President. Further, he was sure 
they all enjoyed themselves. 

The Secretary (Mr. Dackitt) put it to the meeting, and the vote 
was accorded by acclamation. 

Mr. J. R. FoTHERGiLL (Vice-President) said that in rising he wished 
rather to make an appeal to Mr. Hogg in regard to what he thought 
would be of great value and benefit to this Institution. The general 
expression of opinion was that Mr. Hogg's paper was of very great value, 
which he fully endorsed. He could not help noticing that Mr. Hogg, 
aller he had read the paper, expressed regret that he had had to con- 
dense it into so short a space— afraid lest he should make it too long. 
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otherwise he would have given practical illiiBtrations exemplifying his 
statements. He appealed to him to give them this additional informa- 
tion as an appendix, and in doing so he could feel assured it would be 
fully appreciated by the members of the Institution. 

The Prksidbnt said he was taken rather aback by the proposal made 
by Mr. Arnison — he thought they were in the middle of a discussion on 
the paper. He was put in a difficulty, hardly liking to rule him out of 
order. He could only say that if Mr. Arnison and all others who favoured 
them with their company the other night enjoyed themselves that that 
was the greatest possible satisfaction he could have. He thought that 
even in a scientific institution it was well to have a social side, and by 
reunions of that kind people got to know each other, whereas otherwise 
they might not have the opportunity. They might know each other by 
name, or they might be celebrated men whose names were well known to 
them, but whom they never happened to come across except on an occa- 
sion of that kind. It brought people together from a distance, and was, 
therefore, a useful change from the more serious part of the Institution. 
If, as he had said, the last conversazione was satisfactory and pleasant to 
them all, he was sure it was the greatest recompense he could have to 
hear them say so. As regarded the paper by Mr. Hogg, it was of the 
kind that were specially valuable to the Institution. He supposed they 
could not pretend that they all followed these scientific subjects from a 
love of science itself : they wanted it for a practical purpose and to 
apply such ideas as were promulgated there to their daily avocations, and 
anything that enabled them to do that in a'thoroughly practical way 
must really commend itself to them. He was quite sure that this graphic 
mode Mr. Hogg had shown for designing a ship would be a saving 
of a very great deal of time and reduce, as it were, the designing of 
vessels to a system. They all knew that in these days they had to make 
any number of designs and calculations for ships that were never built, 
and it became a very serious tax when they had to expend many days, 
perhaps, in designing a vessel and nothing came of it When they could 
get a graphic way of arriving at results in an hour or two which would 
otherwise have taken several days, that was a practical outcome of meet- 
ings of this kind which could not fail to be of use to them all. 

The discussion at this stage was adjourned. 
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NORTH-EAST COAST INSTITUTION OP ENGINEERS 

AND SHIPBUILDERS. 



Fourteenth Session, 1897-98. 



PROCEEDINGS. 



SECOND GENERAL MEETING OP THE SESSION, HELD IN THE 
LECTURE HALL OF THE SUNDERLAND LITERARY SOCIETY, 
SUNDERLAND, ON MONDAY EVENING, 6th DECEMBER, 1897. 



J. R. POTHERGILL, Esq., Vicb-Prbsidbnt, in the Chaie. 



The Vice-President said they would much regret to hear the 
President (Col. H. P. Swan) was unable to attend the meeting owing to 
a slight cold. He hoped in a few days to be quite well again. 

The Secretary read the minutes of the last General Meeting, held 
in Newcastle-upon-Tyne, on 5th November, 1897, which were approved 
by the members present and signed by the Vice-President. 

The ballot for new members having been taken, t}\e Vice-President 
appointed Prof. R. L. Weighton and Mr. H. Pownes to examine the voting 
papers, and the following gentlemen were elected : — 

MEMBERS. 
Carter, Geo. J., Naval Architect, Klswick Shipyard, Neweastle-apon-Tyne. 
Neill, William Reid, Engineer Draughtsman, 15, Salem HiU Soath, Sunderland. 
Reed, James, Ship Draaghtsman, Messrs. Palmer's Shipbuilding and Iron 

Company, Limited, Jarrow>on-Tyne. 
Tinn, George, Superintendent Engineer, 205, Coatsworth Road, Gateshead-on- 

Tyne. 
Todd, John P., Engineer Draughtsman, 13, Chatsworth Street, Sunderland. 

vr»L. XIV.-ISBT. 4 



HO PBOOESDINOS. 

GRADUATES TO MEMBERS. 

Adams, Dawson, Electrical Engineer, c/o Messrs. The National Electric Supply 
Company, Limited, Bashell Street, Preston, Lancashire. 

Cadman, C. C, Eng^eer, Clifton Holm, York. 

Cairns, C. W., Engineer Draughtsman, Cheriton House, Lothian Road, West 
Hartlepool. 

Qibson, Thomas, Marine Engineer, 162, Roker Avenue, Sunderland. 

Pearson, James T., Ship Draughtsman, 11, Beech Grove Road, Newcastle-upon- 
Tyne. 

Smith, Wm. Stuart, Ship Draughtsman, West Villa, The Green, Wallsend-on- 
Tyne. 

Willcox, R. J. N., Engineer, c/o Mrs. Stafford, 15, Lennox Street, Middlesbrough. 

ASSOCIATE. 
Park, Robert, Accountant, Lauriston, Blackhill, Co. Durham. 

GRADUATES. 

Canning, Chas. E., Ship Draughtsman, 31, Park Crescent, North Shields. 

Craggs, Adolphus, Engineer Draughtsman, Ivy House, Pelton, Chester-le-Street. 

Thomas, John P., Apprentice Engineer 6, Queen Anne*s Terrace, Gateshead-upon- 
Tyne. 

Watson, John, Ship Draughtsman, 108, Meldon Terrace, Heaton, Newcastle- 
upon-Tyne. 



COUNCIL MEMORANDUM. 

The Vice-President said he was sure they would be pleased to 
hear that the Right Hon. Lord Hopetoun, President of the Institution of 
Naval Architects, had accepted the invitation of the Council to become 
an Honorary Member of the Institution. 



GOLD MEDALS. 

The Vice-President said it was his pleasing duty to present the 
gold medals to the recipients. The memorandum of agreement between 
the donors of the gold medals and the Institution stipulated that the 
medals must be given for papers upon marine engineering and ship- 
building subjects only. The Council ruled Mr. Morison's paper on 
" Gravitation Stamp Mills " was disqualified. 

The engineering medal for last session was awarded to Professor 
R. L, Weighton, M.A., for his paper on "The Experimental Engines 
at the Durham College of Science, with some results from same." He 
had very great pleasure in handing to Professor Weighton the gold 
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medal. He felt sure they wonld all agree with him that the paper 
given by the Professor to that Institution was one of exceptional value, 
and one from which not only the members but the whole engineering 
world would derive great benefit. The donors of this engine must feel 
considerable satisfaction in the valuable information the Professor had 
been able to give, and no doubt they realised the gift of the experimental 
engine was not only a useful and necessary requirement of the college but 
a sound investment. He hoped the Professor would, in the near future, 
give them a continuation of his paper, as he was sure they all anxiously 
looked forward for the results of additional experiments. 

As no medals were awarded in 1895 the Council agreed to award 
another medal to Mr. B. Wallis for his paper read last session on ^* Liquid 
Fuel." In handing the medal to Mr. Wallis, he felt sure the members 
would agree with the decision of the Council. Those who had read that 
paper must admit that it was a most able and instructive paper, and 
that Mr. Wallis thoroughly deserved the medal awarded him. He 
desired to congratulate both gentlemen on this distinctive recognition 
of their ability, and hoped it would be an incentive to greater achieve- 
ments in future. 

He particularly regretted the President was not present to present 
the medals, for he looked upon it as one of the pleasures as well as one 
of the duties of his office. He hoped the recipients would appreciate 
them none the less for having received them at his hands. 



fit PBO0KEDIHO& 



T)ie diACtiBBion on Mr. Archibald Hogg's paper on ^ The Comparison 
and OonBtniction of Ships* Lines " was resumed. 

Mr. C. IL IinrE8 read a paper on '' The Theory of the Gentrifngal 
Punip and Fan." 
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DISCUSSION ON MR. ABCHIBALD HOGG'S PAPER ON « THE 
COMPARISON AND CONSTRUCTION OF SHIPS' LINES." 

Mr. J. King said the interesting paper read by Mr. Hogg was a very 
valuable one in many respects ; but he thought that the system of com- 
paring and constructing ships' lines, as described therein, fell short in some 
respects of what it should be to attain general application, and of what 
the author would, doubtless, like it to be. Mr. Hogg said, in the opening 
part of his paper, that *' if the value of a ship's form could be denoted by 
a single figure," etc. No doubt ; but he (Mr. King) did not think it was 
possible to completely denote the value of a ship's form by a single figure, 
because there were several varying elements that entered into and affected 
the value of a ship's form for comparison and efficiency which could not 
be well expressed in a single figure, nor by a single diagram. Indeed, the 
Diagram B (Plate I.), which Mr. Hogg had prepared, was a very ingeni- 
ous method of expressing certain qualities of the ship's form by a single 
diagram ; but there were certain things entirely left out, as, for example, 
relation of draught to beam, proportion of length of entrance to that of run, 
position of centre of buoyancy, etc., which were important things to indi- 
cate, and necessary, in his estimation, to fully express or indicate a ship's 
form. Mr. Hogg had claimed for his system that it was one by which 
they could design a set of line plans without trial and error, but further 
on he explained how he obtained the body plan, and as far as he (Mr. 
King) could make out, it was, at least to some extent, a system of trial 
and error. If one was expert at this particular thing, one might get 
very quick at sketching the curved outline of a certain figure of given 
area to fulfil the conditions of fairness, etc.; but that expertness, he 
should think, could only come by long practice. The spot on Diagram B 
would not truly indicate the character of the vessel's form unless the 
centre of buoyancy was at the ship's mid-length, which it might or might 
not be, because the " angle of entrance " shown on the diagram was the 
approximate mean angle of entrance and run, and therefore might not 
truly indicate the actual angle of entrance. He (Mr. King) thought the 
expression ** angle of entrance," on the diagram, was rather misleading. 
The Diagram B did not provide for the proportion of draught to beam. 
Mr. Hogg said that that proportion can be written beside the spot on 
Diagram B ; but when comparing one ship with another by this method, 
unless that proportion was the same, or nearly so, the similarity of form 
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would be more apparent than real, for a dissimilar proportion would 
afifect the character of the vertical disposition of displacement ; and 
in comparing ships the vertical distribution of displacement was just 
as important as the distribution longitudinallj. Taking an extreme 
case, for example, and comparing by this method a very deep ship of 
the same beam and coefficients as a very shallow ship, and they would 
appear similar, but in reality the forms, in comparison and power- 
efficiency, would be quite different. Indeed, as Mr. Hogg pointed out, in 
the ship with a fall-out side, in Diagram (Plate II.), and comparing that 
with the ship with perpendicular side, the form of those two vessels 
would be totally different, although in the diagram they would appear to 
be somewhat similar. Then as to the '^ angles of entrance" on Diagram 
B, and taking an example of two ships, with similar proportions and co- 
efficients, one with the centre of buoyancy at midships and the 
other well aft, the spot on this diagram would indicate the vessels as 
identical, whereas the forms would be very different indeed, and the 
propulsive efficiency of those two ships would probably be different. He 
( Mr. King) thought the position of the centre of buoyancy should be written 
alongside of the spot in terms of the length. There appeared to be a 
slight inconsistency on page 19 of the paper. Mr. Hogg said : " There 
are, of course, different opinions as to the correct form of this curve " 
(speaking of the mean water-lines), "but there can be no doubt (1) that 
it is the main feature in the lines, and (2) that all vessels ought to have 
the same character of curve whether finer or fuller." It did not seem to 
him to be quite clear how and why vessels must have the same character 
of curve, no matter whether the vessels were finer or fuller. He should 
like Mr. Hogg to make that point clear in his reply. Then another 
point was as to the length he took for the curve of mean water-lines. 
In a merchant vessel, he said, it would be on the " aft side of the stem 
and on the rabbet line at the load water-line aft. In a cruiser, with a 
ram bow and part of the stem in the water, it would end at the fore 
side of the ram, and at the aft end of the stern at the load water-line." 
So far as the stem was concerned not much error would be made in this, 
because usually in a merchant vessel the stem was vertical, or nearly so ; 
but in way of the propeller aperture the error might be considerable, for 
the end of the load line might be on the aft post, and on another, but 
nearly similar ship, might come on the forward post, thereby probably 
making a difference of 5 feet or 6 feet in the apparent length. Now, 
with that difference in the virtual length of the two ships' block models, 
they would get a different form in mean water-lines, and it would also 
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affect, at least to some extent, the apparent angles of entrance and mn. 
To design a vessel on Mr. Hogg^s sjstem, it seemed to him that an im- 
portant point, at the early stages of the work, wonld be to fix the position 
aft, where the load water-line would end. Then the length of warships 
wonld be taken as the extreme length, that was from fore side of prow to 
aft side of counter on the load line. He did not think that would be a fair 
comparison, because the prow and the counter, he thought, ought to be 
treated as appendages rather than as the main body, otherwise some war- 
ships would appear, in comparison with others, longer than they really were. 
Outside of the perpendiculars, the appendages did not afPect the form of 
the vessel to any serious extent. He pointed these things out to indicate 
that the length he (Mr. Hogg) took seemed to him to be a weak point 
of the system. The constant for regulating the position longitudinally 
of the centre of buoyancy was not very clearly explained, and he (Mr. 
King) would Uke to know how he arrived at it. In comparing ships' 
lines he did not think Mr. Hogg's system took into sufficient account 
the efifect of the position of the centre of buoyancy longitudinally. The 
position of the centre of buoyancy in some particular classes of ships was 
rather important. Take paddle steamers, for instance : the centre of 
buoyancy was almost invariably aft (and sometimes well aft) of midships, 
and in a comparison the effect produced by this on the vessel's lines 
should be made evident. He thought few draughtsmen could design a 
ship's form to satisfy the necessary conditions quite so quickly as Mr. 
Hogg claimed for his system. But he also claimed for the system com- 
plete freedom in the designing, laying down a condition, however, that 
they must have standard tables before they could proceed — which he 
(Mr. King) thought was rather inconsistent with complete freedom of 
design. The chief value of the method, as far as he could make out, was 
the rapidity with which a design of a set of lines might be made, and 
frequently it was an important thing to get out the first set of lines 
quickly ; but beyond that, he did not think it would tend to improve 
vessels* lines, unless the standaixi curves were the best possible. There 
were other methods, of course, which had been designed to do what Mr. 
Hogg aimed at, namely, to simplify the first operation of designing, and 
to arrive at a certain displacement within given dimensions and to make 
a fair ship's surface in a short space of time. There was a very neat 
method of recording and comparing ships' forms he had seen applied, 
and which was described in a paper read about twenty-five years ago in 
Glasgow, before the Institution of Shipbuilders in Scotland, by Mr. 
Mansel. It was a very simple method, by which they could record the 
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form of any vessel. He described it as a method for reducing the body 
plan sections to the decimal system. A ship's length would be divided 
into ten sections, and the half -breadth was reduced to ten quarters — to 
a quarter-inch scale — and the moulded depth was in terms of the ship's 
breadth ; so that .within a very small compass one could have a great 
many forms of different vessels, and it was an exceedingly simple matter 
to strike out the lines of another similar vessel which might be adopted 
from a previous successful ship of the same character by reading the 
offsets on those decimal lines. There was also a system of coefficients, so 
that it could be seen at once whether the proposed type of vessel had the 
desired form for displacement, etc., or not. 

Mr. Robert Thompson said he had had a comparison of lines made 
from Mr. Hogg's totals, and compared them with some ships they had 
built, the results of which would be found in Plates III. and IV. The 
idea of the construction of these curves was very good, and, in his 
opinion, was a step in the direction in designing vessels so as to ensure 
some similarity in the forms which had given a good performance of 
steaming and sea-going qualities, and, at the same time, a shapely 
model. He had tried several vessels built by this firm of various 
coefficients which had given very good results as regards cargo capacity, 
and speed, and sea-kindliness, and he found Mr. Hogg's curves would 
make the vessels very much fuller on the shoulders and finer at the 
extreme ends, in other words, a tendency to give the vessel hollow water- 
lines fore and aft, and in case of vessel *82 block coefficient, the largest 
section would appear to the eye to be at the shoulders instead of 
amidships, and in case of a very fine vessel built by their firm it would 
have reduced the lines at the end of the vessel to such an extent that 
there would have been considerable difficulty experienced in riveting 
at these parts. Of course, Mr. Hogg gave the designer the option of 
modifying the curves according to his ideas ; this seemed to dispense 
with the utility of Mr. Hogg's curves, because the principal feature in 
designing was to get the shape of the curve of areas of immersed sections, 
and to shape the transverse section so as to embrace its respective area, 
and also to maintain the fairness and uniformity of the lines to get a 
shapely model. Mr. Hogg seemed to undertake a good deal of work 
when he spoke of designing a curve of sectional areas and shape of 
sections, and, at the same time, get the lines fair and uniform, so as to 
estimate quantities of material and capacity. In the matter of co- 
efficient the writer seemed to have a standard coefficient for amidships 
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area. This could not always be relied on as care must be nsed in 
shaping the amidships section of the vessel to get the best value out of 
Lloyd's grades, at the same time getting full value from such dimensions. 

Prof. R. L. Weighton said the last two speakers, he thought, had 
devoted themselves chiefly to the second part of what he took this paper 
to deal with, namely, the construction of ships' lines to secure certain 
qualities in the shape of buoyancy, stability, etc. He should deal 
principally with the first part, which was the comparison of different 
forms as shown in Diagram B (Plate I.). Referring for a moment 
to the second part of the paper, the author endeavoured to deduce or 
construct lines from certain elementary data— length, breadth, draught, 
displacement, and immersed mid area. He (Prof. Weighton) must say that 
he sympathised with Mr. Hogg in the criticism to which he was sure to 
be subjected, because to deduce general methods from particular data was 
always a very difficult matter, as all knew who had tried it, and any man 
could criticise such an attempt with considerable success, for it was quite 
impossible to make any general method cover all particular cases in 
practice, and this, he thought, in criticism ought to be borne in mind. 
He (Prof. Weighton) had derived considerable instruction from the 
perusal of this paper, and particularly from the first part ; he was not, 
however, altogether satisfied with it any more than Mr. Thompson or 
Mr. King was with the second part. 

Mr. Thompson — Allow me, I think the criticism of a paper is the 
value of it. If a paper is not worth criticising there is no value in it. 
As I spoke at the last meeting in favour of the paper, I thought it was 
an advantage to give these actual results and secure Mr. Hogg's reply, 
so that the discussion and the paper might make a very valuable contri- 
bution to the Transactions. 

Prof. Weighton (continuing) — With regard to the comparison of 
ships' forms, this was an attempt to indicate type of ship by a graphic 
method. The basis of the method was practically what was known as 
" Kirk!s block," with a small modification, viz., changing or varying 
the depth of the block instead of the breadth of the block. Kirk's 
block was a figure composed of straight lines and plane surfaces, having 
the same length, depth, mid area, and displacement as the actual ship. 
The author's block was a similar figure, only instead of varying the breadth 
he varied the depth in all cases, except as shown in Diagram C (Plate II.). 
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In varying the depth, he (Prof. Weighton) thought he had made a 
slight improvement ; because he got on the whole a nearer approach to 
the mean water-line of the actual ship. But the difference between the 
two blocks was very small indeed, except in ships with great rise of 
floors and very large curves of bilge. If both breadth and depth of 
block were varied, the method would be very much limited in general 
applicability ; because, in the case of any ship whose lines or midsection 
was not before one, it would be impossible to tell how much to vary 
each. Looking at it from the point of view of the estimator of speeds 
and powers, he submitted they must have some method to enable them 
to analyse the ship's form for the purpose of comparison without having 
the ship's lines before them. However, he thought there could be no 
doubt that in varying the depth of the block instead of the breadth, a 
slightly nearer approximation to the mean water-line or angle was got, 
but no nearer approximation to the wetted surface was secured, and the 
writer said Kirk's block did not indicate the wetted surface nearer than 
8 per cent. In his (the speaker's) experience the actual surface differed 
from the block surface to the extent of from 2 to 15 per cent., according 
to the type of ship, and the writer's block would differ practically the 
same, so there was no argument in its favour from this point of view. 
Most ships had got vertical sides — (Mr. Thompson — "And flat bottoms") 
— and therefore he (the speaker) thought the method of varying depth 
alone preferable, breadth being the same as ship's beam. The writer 
seemed to make a great point of the difficulty of obtaining the lengths 
of entrance and run of the block, and said they needed to use three co- 
efficients. They did not need to use any coefficients at all, it was a 
simple matter of geometry. Take Mr. Hogg's block. They were given 
the length, beam, draught, immersed mid area, and displacement, and 
from these they could produce the block thus, using Mr. Hogg's symbols, 

mid area 
Let E = absolute length of entrance or run, then — = — = depth of block. 

x> 

(L - E) mid area = 35 D, 

35 D 



/. E = L - 



mid area' 



and the tangent of the half angle of entrance or run was = -^r^ • Now, 

with regard to the comparison of ships' forms embodied in Diagram B, 
he thought this very ingenious and likely to be very useful in a certain 
way ; but he thought the omission of the draught was a great defect. 
In the third and last paragraph of the paper the writer instanced the two 
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cases shown on Diagram C (Plate II.), and said :— " There are different 
opinions as to the form of the load water-line ; bnt whatever the form is, 
its value is affected by the form of the hull below, for instance, take the 
two cases shown on Diagram C, they have the same length, breadth on 
load water-line, draught, displacement, and mid area." Nothing differs in 
these two cases but the shape of the mid area. But, owing to the writer 
diminishing the breadth of the block in the one case and not in the other, 
he necessarily got rather a finer water-line for the block of the former than 
for the block of the latter, and from this he concludes the former ship is the 
finer, and presumably would therefore be easier to drive, "for by angling 
the ship's side the mean beam is reduced." But how did they know the 
angle of the block thus obtained was the true mean angle of the actual 
ship ? All through this part of the paper it appeared to be tacitly 
assumed that the block angle was the true index of resistance. He (the 
speaker) would be inclined to doubt that very much, particularly in 
regard to the cases just cited, where the differences were so small. He 
wished to ask the question if the draught in Diagram B (Plate I.) 
referred to the ship or to the block ? 

Mr. HoGO — It is the draught of the block. 

Prof. Weighton said he had taken it to mean " draught of the ship." 
Taking it as draught of block, however, the author was quite consistent. 
From the point of view of the estimator of powers and speeds — which he 
took to be the theme of the first part of the paper — the comparison of 
types of ships was of some assistance as far as the eye was concerned ; 
but in thinking it over he did not see it was of very great assistance 
really, because although they could locate the positions on Diagram B of 
any number of types of ships, what was there in that to guide the speed 
estimator in his choice of coefficients of performance if he had no results 
from a ship of the particular type engaging his attention for the move- 
ment ? The author seemed to consider the curve of angle of mean 
water-line as a better index of relative resistance than anything else. 
He (Prof. Weighton) did not know whether Mr. Hogg really meant that 
or not, but he gathered he inclined that way. If he (the speaker) was 
wrong in his reading of the paper in this respect, he hoped Mr. Hogg 
would put him right in his reply. 
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Communication from Mr. A. E. Lono. 

Jarrow, 

December 2nd^ 1897. 
Dear Mr. Duckitt, 

Having very carefully read over Mr. Hogg's interesting paper I wish 
to make a few notes for the adjonmed discussion. 

Probably no one will dispute Mr. Hogg's statement that the curve of 
sectional areas is the most important line in the ship ; that is proved by 
the fact that the use of such a curve is about 100 years old, or possibly 
more, and has been used by a great many designers and writers upon the 
subject since. The chief merit of such a curve as a basis is, that it 
keeps us in touch with actual ships whose performances are known, that 
is, if the curves used are taken directly from previous designs. If we 
use a set of arbitrary curves, such as Chapman's, Nystrom's, Hogg's, 
etc., a good deal of the merit of the method disappears, and it is reduced 
merely to a mechanical method of getting a given displacement. In 
this light the author's method is no better than several others which are 
simpler, and give as good results. 

One of these old methods, revived by Mr. Ramage at the Institution 
of Naval Architects this year, is a mean water-line, but, as Mr. Bamage 
admits, it does not allow for differences in the form of bilge, etc. Mr. 
R. Zimmerman's bilge diagonal method {Institution of Naval Architects^ 
J 883) gets over this difficulty, as it cuts the bilge, and is really, as he 
shows, a species of curve of sectional areas. An advantage which this 
method has over a true curve of areas method is, that it gives an actual 
" spot " in each section near its middle, thus there are three spots for the 
curve, rail, or knuckle, diagonal, and on the base line. I have used this 
method for ordinary cargo vessels ever since 1883, and have found it 
both as accurate, and much more rapid than any other method that I 
have tried. The only calculation required to use it is the simple 
prismatic coefficient. 

For high speeds all these mechanical methods fail, as they do not 
tell us directly how the curve we are using compares with previous 
experience. For this purpose the curve of an actual high speed vessel is 
really a more satisfactory basis, as we can see how far our modifications 
are likely to lead us from a known good vessel. 

Mr. Hogg does not tell us how his standard curves are calculated, 
whether they are similar to Chapman's and Nystrom's, or obtained by 
some new method ; it would add to the value of his paper if he gives us 
this information in his reply. 
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I cannot quite follow the statement '' that all vessels onght to have 
the same character of curve." The curve of a five beam cruiser seems 
to me to differ greatly from that of an eleven beam destroyer, or an 
Atlantic liner ; perhaps Mr. Hogg uses the word " character " in some 
peculiar sense. 

As to details, I do not think that the proposal to use the extreme 
length of a warship, fore side of ram to after side of counter, is an 
improvement upon the Admiralty length between perpendiculars. If we 
take the lines of a cruiser, say, and for some purpose add 2 feet to 
the outreach of her counter, the actual difference in displacement, centre 
of buoyancy, etc., will be trifling ; but for recording in a table like Mr. 
Hogg's we would have to respace our ordinates, and the figures would 
lead anyone to suppose that the vessel had been altered all fore and aft. 
Much the same thing applies to the rather indefinite point which he takes 
aft in a merchant vessel. The method of getting the correct areas by 
first drawing rectangles, and then going through some sleight-of-hand 
business with a piece of tracing paper, does not seem to be as rapid or 
neat as the more ordinary method of trying the area with a planimeter. 

Being very much interested in the form of high speed ships, I have 
read over the note upon the value of flai'ing sides repeatedly, but cannot 
grasp the author's meaning ; he claims that the flaring sided vessel is the 
finer. If the length and mid area are the same, also the displacement, 
the prismatic coeflicient must be the same. If the draught and mid area 
are alike, so also must the mean breadth of the midship section ; and 
very much the same applies to all the other sections. How, then, the one 
vessel can be finer than the other, except by some subtle jugglery of 
Kirk's analysis, I cannot conceive. Perhaps, as there may be other 
puzzled persons in the Institution, Mr. Hogg will explain. 

These mechanical methods of getting a desired displacement, do not 
in themselves tend to the improvement in the form of ships directly, but 
indirectly they do so, as they allow the designer to use his whole available 
time in putting the displacement into the best possible shape, instead of 
by the old system spending the greater part of it in frantic attempts to 
get the required volume. For this reason alone I think that our thanks 
are due to Mr. Hogg for putting our very old friend, the curve of 
sectional areas, into a fairly convenient form for ready use. 

I fear that the interest of the subject must be my excuse for the 
length of this letter. 

Yours faithfully, 

A. E. Long. 

The discussion was adjourned. 
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THE THEORY OF THE OENTRIPUGAL PUMP AND PAN. 



By C. H. INNES, M.A. (Caktab.). 



[Read bsfobb thb Institution, in Sundbblakd, Dboeubbb 6th, 1897.] 

It is with considerable hesitation that the writer o£fers to such an 
exceedingly practical Institution of engineers a paper of a theoretical 
nature. As, however, the theory discussed in the following pages is 
amply supported by experiment, and as it deals with the proper design 
of such pumps and fans, it may possibly be of some interest. 

In Pigs. 1 and 1* (Plate VII.) are shown two sectional elevations of a 
centrifugal pump. The water enters at A, passes on both sides of the 
pump to B, where it enters the fan. In this it receives an increased 
tangential velocity. After leaving the fan it enters the diflfuser C, where, 
owing to the increasing radius, its kinetic energy is partially converted 
into pressure energy. It is then received by the volute, a spiral whose 
section increases with the angle measured from a radius passing through 
E — that is, if the diflfuser is bounded externally by a cylindrical surface; 
but if the diflfuser has a spiral surface, the section of the volute increases 
more rapidly according to a law which will be explained in connection 
with the Bateau pump and fan. In the former case the velocity at dis- 
charge is the same as the tangential velocity on leaving the diflfuser ; in 
the latter, it is the same as the tangential velocity on leaving the diflfuser 
at the point nearest to the discharge. The velocity may be further 
reduced by a conical discharge pipe. 

This contains all the elements of a centrifugal pump. Many, indeed 
most, are without the diflfuser D, and the fan in some cases, instead of 
being open at the sides, has conical sides, and frequently discharges into 
the centre of the volute. Some few pumps have a vertical axis for 
symmetry, but a horizontal axis is the rule. 

In designing a pump the following qualities should ',be aimed at : — 
(1) High efficiency ; (2) volumetric power, which may be measured by 
the quantity that it will discharge at maximum efficiency against a 
given head. 

The former must be attained by minimising the losses of energy, as 

the efficiency may be expressed by the fraction, tt . t > where L is the 



44 THEORY OP THK OBNTRIPUGili PUMP AND PAN. 

loss of energy undergone by each pound of water in foot-pounds—*^., the 
loss of head, and H the head in feet. 

Losses of Energy or Head, — These losses occur in the following 
order: — (1) Loss at inflow caused by the edges of the vanes and sudden 
change of direction.' This latter is expressed by equation (1), and equa- 
tion (2) expresses the condition that this loss shall be avoided. 

After leaving the fan, and supposing there is no difPuser, and that the 

discharge takes place into a volute in which the velocity is v^ (Fig. 2, 

Plate YL), the direction kv^ being nearly tangential, then the loss of 

vv ^ 
head is — , and will be least when (^4) = {vw^ = Wi, or when 

Vi, = Wi^ the velocity of whirl or tangential component of the velocity at 
discharge from the fan. The loss of head is then expressed by equation 
(3), where t/j is the radial component of the velocity of discharge from 
the fan ; but, under these circumstances, the discharge from the pump 
will take place with a high velocity w^y and there will be an additional 
loss, which can be best prevented by using a conical discharge pipe in 
which the velocity is reduced to some small value D, which in practice is 
as low as 2 feet per second. The additional loss of head is then given 
by equation (4). If such pipe is not used, the total loss of head caused 
by shook on entering the volute, and by the waste of kinetic energy at 
disohargo, will be given by equations (5) and (6), and its minimum value 
iH obtiiined by making (AV4) = {v^iVijy when the velocity V4 in the volute 
iH half the velocity of whirl from the fan, and the loss under these cir- 
(UimHtunccH is given by equation (7). It is unnecessary to consider the 
CHHc where there is no volute or diffuser, as the efficiency of this type of 
pump is very low. 

If, however, there is a diffuser surrounding the fan with constant 
breadth, the velocity is reduced inversely as the radius, equation (8). 
On entering the volute the loss of head is therefore very much less, and is 
given by equations (Or?) and (9ft). In addition to the above, there are 
the unavoidable losses due to bends and surface friction. As far as the 
water discharged through the pump is concerned this may be expressed by 
equation (9r). There is another resistance that takes power from the shaft. 
In encased fans the resistance varies as ^i^ and, as the motion of the outer 
surface of the fan varies as ^i, the amount of work required varies as fi", 
but this is a small quantity of work compared with the total work done 
by the pump, except at small orifices, when it is of small importance in 
calculating the efficiency, and except at small orifices it is neglected in 
what follows ; it does not affect equation (14). If the wheel is not 
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encased at the sides the particles of water mbbing against the casing are 
opposed by forces proportional to the squares of their absolute velocities ; 
the work done on them is proportional to the cubes of their absolute 
velocities, and at small orifices this is nearly proportional to the cube of 
the peripheral velocity of the fan. At any orifice this compels the shaft 

and fan to do more work than ^-^ per lb. of water passing through the 

fan, because the change of the moment of the momentum is equal to the 
moment of the impulse of the external forces as explained in Appendix 
A, and the friction of the casing has a moment opposing the moment of 
the fan and shaft. This, however, may be neglected, except at small 
orifices, when it affects equation (12), but not equation (14). If the 
pump discharges through a length of piping, the loss of head may be 
calculated by some pipe friction formula. There are several of these, 
and all give different results ; in this paper D'Arcy's formula has been 
used and is given in equation (10a). For bends, Weisbach's formula 
may be used, equation (10^) ; and, lastly, there is the friction of the 
bearings, which cannot be expressed by any known formula. Excluding 
this last, which is small, the hydraulic efficiency is : — 

'^ = H+'L ^^^^ 

List of EqttaUons : — 

J (c, - t/a cot ey 

Li = ^ . . . . (1) 

Cj = velocity of fan at inner radius. 
Hi = radial velocity of water at inflow. 
Cj = i/j cot ^ . ; . . . (2) 
Condition, that Li should be zero. 

^ = % (3) 

where Ui is the radial component of the velocity at discharge. 

^-1 « 

where D is the velocity of discharge from the end of the conical dischai^e 
pipe. 

^* - 2^ "•" IT . • . • (5) 

-¥g + ~2r'^2-g • • • W 

to Ut 
"= ^ ■*■ 2^ (^) 

where Wi = tangential velocity at discharge from the fan. 
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:: :4 (8) 

— = -I 

L=^ = ^('-^Y .... (9«) 
2(f 2g \rj 

-c^^tr^ • ■ ■ ■ w 

where w^y u^ are the tangential and radial oomponents of the velocity 
of discharge from the diffuser 

1.=^ *) 

''=■<" ('+113) "I • • • ('*■> 

where I and d are length and diameter of pipe in feet and v = velocity 
of flow in feet per second 

L,o= [-181 + 1-847 (|)*]g • • (10*) 

where d and p are the diameter of pipe and mean radins of bend 
respectively. 

All the above losses may be expressed in the form c^ + mciVi^ + nv^ 
where m and n are constants. 

^g^. "=11 (12) 

where t^^i is the tangential component of the velocity of the water at 

discharge from the fan, because -^—^ is the work done by the fan on 

each pound of water, hence 

^' = H + L . . . . (18) 

if 

and a relation or equation between (^, H, and Q the number of cubic 
feet per second may be expressed thus : — 

Ci^+i?^Q + ^H + rQ3 = . . . (14) 
because Q varies as Vi ; this equation is also true for a fan. 

Q 

It follows from this that at a given orifice, t.ft, if ~~r% = constant 

^ oc Q oc iTh .... (15) 
and the hydraulic efl&ciency is constant at that orifice whatever be the 
head. 
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Hence, in all diagrams relating to pumps or fans, it is convenient to 
take the orifices as abscissae, so that experiments made at different heads 
may be combined in one diagram. 

Manometric Power or Efficiency. — This is measured by the fraction 

^, a high manometric power at a given head, meaning that the 

peripheral speed at that head is small ; and it will be seen by (15) that 
the manometric power for a given orifice is a constant quantity both 
for pump or fan; the manometric power for pumps having the same 
efficiency depends on the angle that the mean relative outflow from the 
disc makes with the tangent to the circumference of the fan. If it is 
backwards, as in Fig. 3 (Plate VI.) v)i is less than Ci, and the manometric 
power is less than the efficiency. If the angle of relative outflow is radial, 
then Wi is equal to c^ and the efficiency equals the manometric power ; but 
if the angle of relative discharge is forwards, the manometric power is 
greater than the efficiency. It will be noticed that the term, " angle of 
relative flow," and not "of vane" is used, because these may not 
coincide at outflow owing to the curvature of the vane, and the space 
between tWo vanes. In what follows the three types of vanes corre- 
sponding to these three directions of discharge will be named Appold, 
Rankine, and Bateau vanes, the last type being used in the pumps and 
fans designed by Prof. Rateau. Now, while in the fan, it is a great 
advantage to reduce the peripheral velocity c^ owing to the fact that the 
heads against which a fan works are invariably very high, e.^., a depres- 
sion of 1 inch of water corresponding to a head of air of about 70 feet ; in 
a water pump the type of vane, whether Appold or Rankine, depends 
solely on the sort of engine, whether low or high speed, that is preferred, 
because at the present day equally good low and high speed engines can 
be constructed, and there is nothing to show that one type of vane will 
give a higher efficiency than another. Thus, in the pumps constructed 
by Messrs. Farcot for irrigation at B3iatatbeh, Egypt, these having 
Rankine vanes, the manometric power is *659, and the number of 
revolutions per minute is 84, the efficiency claimed being *654, including 
engine friction, which efficiency, however, is somewhat doubtful, the 
discharge having been measured by a water meter, and is probably some- 
what nearer 60 per cent. On the other hand, Messrs. Gwynne's pumps 
at the Groote Ypolder (Holland) drainage showed a mean efficiency of 
*656, and in these the vanes are of the Appold type. In this case the 
discharge was measured by a weir, and the writer cannot help expressing 
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the opinion that all measurements of water, other than by a tank, in 
which the aetaal volame can be exactly calculated, are somewhat open to 
doubt. 

In a ventilating fan, however, high manometric power is desirable, 
and Bankine or Bateau vanes are preferable, but for a pump the Rateau 
vane is unsuitable, and for the following reasons : — In the case of a pump 
it has already been shown that 

Ci^ + ;?^Q + ^H + rQ« = . . . (14) 
and this is represented by one branch of an hyperbola (Pig. 4, Plate 
VI.) if H is constant, the abscissae being values of ^ and the ordinates 
values of Q. Now, when a pump is started, the value of Ci must be near 
j2gB. before discharge commences ; the speed may then be reduced 
until the discharge is represented by A D, and the peripheral speed by 
D ; but if the speed be increased the discharge will again increase, 

and the values of Q on A C will never be obtained ; it can be shown that 
with Appold vanes the values of Cj and Q for maximum efficiency lie on 
the part A B of the curve, and in general to the right of B ; with 
Bankine vanes, since the efficiency is greatest when the peripheral speed 
is least, A represents the values of c^ and Q for maximum efficiency ; but 
with the Bateau vane the less the value of Q the smaller will Wi be, 
because 

Wi = Ci + UlCOt ^, 

where (p is the acute angle made by the relative direction of discharge 
with the tangent to the fan, so that for any value of Cj the hydraulic 
efficiency will be higher for the lower of the two possible values of Q. 
Consequently the point of the curve representing fi and Q at maximum 
efficiency will lie on A C, and the pump can never give this value of Q. 

Although no experiments have been made relating to the losses of 
head in air, due to sudden changes of direction and velocity, it is 
exceedingly probable that they are of the same form as those given in 
equations (1) to (dd), and in support of this will be found below the 
equations of several ventilators, with tables comparing the calculated 
values of H with those obtained by experiment, so that it may be 
assumed that the equation of every fan is of the form : — 

Ci2 + ?^CiQ + ^H+rQ2 = . . . (14) 
where r and q are always negative. Now, assuming the above, in the 
case of a fan H a Q^, if the passages through which the air passes are 
unchanged, and consequently 

fi^ + pc^Q + sQ2 = . . . (14a) 

is the equation of the fan for a given orifice. The Ian can therefore 



THEORY OF THE CENTRIFUGAL PUMP AND FAN. 49 

work at any orifice, whatever form of vanes may be used, and if they are 
of the Rateau form a high manometric power may be obtained ; the 
above equation is represented by two straight lines passing through the 
origin, one above the axis of x and one below ; and as the latter gives 
negative values of Q it need not be considered. Whether or not the losses 
of energy in a fan are of the form given in (1) to (9^) we may certainly 
assume that maximum efficiency may be obtained by avoiding sudden 
changes of direction and velocity, and, as far as possible, curvature of 
path and surface friction, and discharging the air with as low a velocity 
as possible. As the Bateau fan (designed by Prof. Rateau of the School 
of Mines, St. Etienne) fulfils these conditions, it is introduced here as au 
illustration of the complete theory of the subject. 

One of these fans is illustrated in Figs. 5, 5a (Plate VL). The 
fan centre consists of a cast iron wheel A, upon which the vanes are fixed. 
A is formed by the revolution of the arc of a circle about the axis. At 
the eye it is conical, and at the periphery it is normal to the axis. In 
small fans the vanes are placed in the mould when A is cast, and in 
larger sizes they are held to it by angle irons. The number of vanes is 
20 to 24 for small fans, and 24 to 30 for larger ones. The edge ^ ^ of 
the vanes is as close to the casing B B as possible ; and cdi& calculated so 
that the relative velocity of the air between the vanes either remains 
constant or increases slightly from inflow to outflow. The fan centre is 
fixed to the end of the shaft, and the air is guided at inflow by the conical 
end a/a, and also by the conical or bell mouthed inlet Q Q, and experiment 
shows that, at inflow, the velocity of the air is nearly uniform over the 
whole section. The casing contains diffuser and volute, which ends in a 
conical chimney. The diflfuser increases slightly in width from [inflow 
to outflow, and is spiral in form instead of circular, its height increasing 
in proportion to the angle measured from the radius through C to the 
bottom of the chimney. This necessitates a volute whose cross section 
a increases according to the law : — 

'' = {'wo-^ym^)l ■ ■ • (^^) 

where v^ is the velocity at the commencement of the spiral and x and y 
are suitable constants, Q is the number of cubic feet per second and d is the 
angle in degrees measured from the radius through C. The kinetic 
energy of the air is thas reduced and its pressure is increased. It is 
found that the above arrangement gives better results than a circular 
diflFiiser and a volute, which increases in section in proportion to the 
angle 0. The necessity of a volute whose section is calculated by eqna- 
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tion (15) is supposed to be due by some to the fact that contraction takes 
place in the volute, but, according to Prof. Rateau, it is due to the fact 
that the velocity of the air is reduced in the volute by the curvature of 
its path. To quote from his paper, "Considerations sur les Turbo 
Machines " : — 

Since the trajectories of the fluid are curved it follows that the static pressure is 
greater on the convex side, but with increase of static pressure there is also an increase 
of static energy and a diminution of dynamic energy causing the reduction of velocity. 
This reduction in velocity is an excellent thing, because the volute converts the kinetic 
energy into pressure energy, the conical chimney is shorter, and the losses by friction 
are less. 

These fans receive the air on one side as a rule ; this makes the 
installation easier, and avoids sharp corners before the eye of the pump. 
However, the wheel is not then completely balanced, and means have to 
be taken, such as a collar bearing, to prevent end motion. This lateral 
pressure is, however, only very small, because care is taken by means of 
the casing to isolate the wheel from the atmospheric pressure. In con- 
sequence the re-entry of air at space which exists between the periphery 
of the fan and the internal circumference of the diff user is prevented, and 
the pressure behind the fan is lowered much below that of the atmosphere, 
so that the wheel is only very slightly pressed towards the suction side, 
and this is sometimes completely balanced by the centrifugal force of the 
air on the curved cast iron surface of the fan. The theory of the con- 
struction of the vanes is somewhat complicated and mathematical, and is 
therefore given in the Appendix. They are made of wrought iron, and 
stamped in a mould. A vane of this form has the following advantages : 
— It is very rigid in consequence of its curvature in every direction, and 
the trajectory of every particle of fluid has an almost constant curvature, 
which is of great importance in lessening eddies. Table I. gives the 
proportions of these fans. 

Experiments. 

Very few experiments on centrifugal pumps are published in detail, and 
very few papers have been written dealing thoroughly with the subject. 
In the minutes of the Proceedings of the Institution of Oivil Engineers^ 
vol. xlvii., will be found some very carefully made experiments on a 
centrifugal pump by the Hon. 0. A. Parsons. These are given in 
Table III. (see Pig. 10, Plate V.) and confirm the theory given 
in this paper. After running the pump at various orifices an 
experiment was made to find the work required to revolve the pump 
at 410 revolutions, the mean of the number during the experiments 
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while the pump was not discharging ; it was found that 45,000 foot- 
pounds per minute were required, and this was deducted from th6 work 
done by the engine, and the work done by the pump being divided by 
this was called the corrected efficiency. This quantity is, however, more 
than the hydraulic efficiency, because the work required to drive a pump 
when not discharging is very much greater than the work expended in 
overcoming the friction of the fan shaft. As an illustration of this, a 
Rateau fan required 1*41 horse-power to drive it at zero orifice, and a 
peripheral velocity of 181 feet per second, while at maximum efficiency it 
only required 2*83 horse-power, the tip speed being then 133 feet per 
: second. The causes for this are so obvious that it is not necessary to 
detail them. The real hydraulic efficiency obviously is between this 
corrected efficiency and the ratio of the work done by the pump to that 
done by the engine which drove it by a belt. It will also be seen that the 
calculated efficiencies lie between the latter and Mr. Parsons's corrected 
efficiencies, and are, therefore, close to the real efficiencies of the pump ; 
the method of calculating these is given in the Appendix. The equation 
connecting revolutions per minute R, H the head in feet, and 6 the 
gallons per minute is 

R3 + -02225 GR — 9850 H - '01285 G^ = . (16) 
which may be readily thrown into the form 

Ci* + i?CiQ + ^H + rQ2 = . . . (14) 
In Table IV. below will be found a comparison between the actual 
value of H and that calculated from the above equation. 

Table IV. — Compaeison between the Results of Equation 18 and the 

Values obtained by Exfbbiment. 



No. of 
Eiperiment. 


Actual 
Head. 


Calculated 
Head. 


Difference. 


1 


14-67 


151 


-•43 


4 


14-7 


15-05 


-•35 


6 


14-75 


14-86 


-11 


8 


14-75 


14-71 


+ -04 


10 


14-75 


14-4 


+ -35 


11 


14-8 


14-6 


+ -2 


12 


17-4 


17-86 


-•45 


15 


17-3 


17-66 


--3 


17 


17-4 


17-45 


-05 


19 


17-4 


17-35 


+ -05 


21 


.17-6 


17-05 


+ -55 


22 


17-6 


1716 


+ -46 



The writer has to thank Messrs. Boyd and Wallis, of the Wallsend 
Slipway and Engineering Company, for enabling him to carry out some 
experiments with one of Messrs. Tangye's pumps ; his thanks are also 
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due to Messrs. Ooleby, Piercy, and Low for their valuable assistance in 
carrying out the same. In this pump the diameters of the suction and 
discharge are 36 inches. 

The diameter of fan is 5 feet 6 inches and its internal width at the 
circumference is 5| inches. The internal diameter is 3 feet 8 inches 
and the vanes are radial at the inner circumference and curve back in 
the arc of a circle until they become tangential at the outer periphery. 
Two pumps are provided, each driven independently, to pump out the 
company's dry dock, and there is, in addition, a 10 inch centrifugal 
pump for dealing with the leakage. On the day of the experiment, 
special care was taken in closing the gates to minimise the leakage, and 
it was evident at the end of the experiment, when the head outside the 
dock was more than 18 feet, that, in comparison with the large volumes 
pumped, the amount was negligible, amounting to not more than 1 per 
cent. The suction pipe is 15 feet 6 inches long and 36 inches in dia- 
meter and enlarges with a bend to 54 inches diameter at the junction 
with the discharge pipe of the second pump. The remainder of the 
discharge pipe is 95 feet in all, 54: inches diameter, with one right angle 
bend. 

Formulae (lOa) (10b) have already been given for calculating the 
loss due to friction of pipes and bends, and in this case the total loss of 
head referred to the velocity v^ of discharge from the pump was found 

to be •028298t^4* ; this, however, including ^, the loss due to the radial 

component of the velocity of discharge from the fan itself. In addition 
to this there is the frictional loss due to bends and surfaces in the pump 

itself, which is of the form F^, and in this case F = 3, so that 

F ^ = -0469 v,^. 

Adding '023293 v? we get -070193 v^. 

The above value of F is chosen as it gives the best agreement between 
theory and practice in the nineteen cases of Table II. (page 54). 

The other two losses are at inflow and outflow ; since the vanes are 

radial, the former is —- where ^ is the velocity of the inner radius of 

64 

the fan, and the latter is ^ ^ — —• Adding these losses to the head, 

and dividing the head by the sum we have the hydraulic efficiency, and 
it will be seen from Table II. that the difference between theory 
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and practice is trifling. The efficiency in this set of experiments (see Fig. 
11, Plate VII.) is low because the pump was evidently run at orifices much 
higher than the best, bat better results would have been obtained had the 
vanes not been radial at inflow. These experiments are given in full in 
Table II. An example of calculating the hydraulic efficiency is given in 
the Appendix. 

The Farcot centrifugal pump, designed and constructed by Mr. Joseph 
Farcot, of St. Ouen, Seine, is illustrated in Figs. 6, 7, and 8 (Plate VII.), 
a complete description of which will be found in EnginMringj vol. xliii., 
page 98. The vanes are helicoidal, ending radially, and the axis is vertical ; 
in normal working the discharge is 212 cubic feet per second, and the head 
10 feet, the number of revolutions per minute being 82, with a jperipheral 
speed of 20*8 feet per second, as the external diameter is 12*466 feet. 
Experiment gives an efficiency of 65 per cent., and allowing a mechanical 
efficiency of 90 per cent, for the engine, the hydraulic efficiency will be 
72 J per cent. 

The experiment,* however, at which this efficiency was obtained 
showed a mean speed of Z4,'4: revolutions, and as the head was 10*8 feet 
the manometric power was 65*9 per cent. The discharge was measured 
by a water meter, and it is possible that this somewhat over-estimated 
the result ; it is not, however, stated here that angle of vane and relative 
discharge from the fan coincide, and although the vanes end radially, it 
does not follow that manometric power and efficiency are absolutely equal. 

The section of the volute and the form of vanes were found by experi- 
ment, five different forms having been tried. The firm claims a hydraulic 
efficiency of 80 per cent., but the writer has noticed that this and other 
firms are apt to over-estimate the excellence of their machines, and it is 
probable that an hydraulic efficiency of over 75 per cent, has not yet been 
attained. The curve of the section of the volute is that formed by a bent 
spring whose length is varied to form the varying section of the volute. 
An ingenious moulding machine in which a spring is used has been con- 
structed for sweeping out the body of the pumps. It is claimed that this 
section is preferable to others, as it entirely does away with eddies in the 
volute. 

In a papert recently read before the Institution of Civil Engineers 
will be found ten experiments on a small Rateau fan, the fan centre 
having a radius of 9*8 inches ; part of this is given in Table V. with the 
values of H in inches calculated from the equation — 

• " Notice 8ur les Nouvclles Pompes Centrifuges, Syst^me," Joseph Farcot. Extrait 
des Annales des Pontes et Cftaus6es, September, 1888. 

+ Proceedings of the Institution of Civil Engineers^ vol. cxii., page 277. 
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Ci* + •064aciQ — 4440H — 0)196Q» = . . (17) 

where ^ is the peripheral vdocitj in feet p» accood, and Q the nmnber 
of cubic feet of air per minate. As the pn^Mntions of this yentilator are 
the same as those in Table L (page 51), type A, it isposEoble tocalcolate the 

efficiency represented by the fraction - — , and these are givoi in die last 

colmnn of Table Y. (page 57). In the Appendix wiU be found an example 
of this calcolation : the agre^nent betwe^i theory and pnictioe is possibly 
owing to a Pitot tube, and not an anemomet^ , having been used, as it is 
a well-known fact chat an anemometer invariaUy ezaggi^rates the dis- 
charge ; the reason probably being that an anemometer gives greater 
readings for variable currents than when their vdocity is constant. All 

calculations of efficiencv from the formula ^ — for a Batean fan will be 

found to give lower values than the experimental values in cases where 
an anemometer has been used, which rather confirms this theory than 
otherwise, because it im^^es that Wi is exs^gsrated by the anemometer 
reading. It is possible, however, that the Pitot tabe is not the only 
cause of accuracv. 

It will be noticed that there is one discrepancy, namely, in equation 
(9X the actual being very much less than the calculated ^c^icy ; bat 

since ^— ^ is the woi^ done per lb. of air paasing through the fan, nmi no 

account is taken of air continually circulating in the casing, the formula 

' — should^ as a mle« be sli^htlv i^nniter than the efficiencv, and mariredly 

so for small orifices ; work has to be done to overcome the friction of 
air at the back of the fan, and it is also possible chat when the discharge 
is very small that short circuiting' at the eye may occur. Clurves of 
efficiency and manometric power are continuous^ but the former is zero 

at zero orifice, and the latter in this case |, so that although - — does 

CilCi 

not differ much from ^ « at a small orifice, because Wi is little different 

from ri, the former formula cannot be expected to give the efficiency. 

Althouo:h the author attaches but little scientific value to the results 
of experiments made with an anemometer, in Table VI. (page 58) will be 
found seven experiments on a Rateau fan 13 feet 1^ inches diameter. 
These are to a certain extent comparable with ordinary fan experiments ; as 
however, anemometers frequently gWe mechanical efficiencies of over 80 
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per cent., they must be taken for what they are worth ; and this, it may 
be mentioned, is often the case when the anemometer has been tested in 
the usual way. 

In the Revue Universelle des Mines j vol. xx., may be found three 
experiments with a Rateau ventilator, giving efficiencies of over 80 per 
cent. The sole licensees and makers of this fan in Great Britain are the 
Waddle Patent Fan and Engineering Company. 

Table VI.— Expbbimbnts on a Ratbau Patbnt Pan, 13 Pebt IJ Inchbs 

IN DiAMBTEB TO THB EXTBBMITIBS OB BlADBS, AT THB CONSOLIDATION 

MiNBS, Wbstphalia. 



No. of 
cperiment. 


solutions of 
Engine. 


▼olutions of 
Fan. 


Volume in 

Cubic 
Feet per 
Minute. 


Water- 
gauge. 


Horse- 
power of 
the Air. 


Horse- 
power of 

the 
Engine. 


Mechani- 
cal 
EflSciency. 


Mano- 
metric 
Power. 


EqniTBlent 
Orifice. 


H 


& 


s 




























Per Cent. 


Per Cent. 


Sq. Feet. 


1 


47 


157 


137,800 


4-7 


100-9 


141 


69 


90 


24-5 


2 


59 


196-6 


166,300 


6-8 


180 


245 


70 


86 


24-4 


3 


25 


85 


80,500 


1-3 


15-75 


25-43 


62 


85 


271 


4 


40 


135 


138,600 


3-3 


68 


106-3 


64 


85*5 


29-4 


5 


47-5 


158 


163,200 


4-5 


107 


1656 


64-5 


84-5 


29-6 


6 


57-5 


193 


197,100 


6-7 


196 


297-5 


65 


85 


29-3 


7 


67-5 


227 


216,400 


9-3 


298 


401-8 


67-5 


86 


27-4 



The fan was guaranteed to give 175,000 cubic feet per minute with 6 inch water- 
gauge on an equivalent orifice of 28 square feet. 

In experiments 3 and 7, the reduction of the equivalent orifice was obtained by 
contracting the airway. 

In calculating the horse-power of the air an allowance has been made correspond- 
ing to the natural velocity of the air in the airway. 
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No. of 
Experiment. 


ei Peripheral Velocity 
in Metres 
per Second. 


Q in Cubic Metres 
per Second. 


H Depression 
in Metres. 

Actual. Oaloolated. 


1 


29-4 


• • 


35-3 


63 


62-5 


2 


29-4 


• • 


35-0 


65 


64-2 


3 


30-4 


• •! 


34-2 


74 


71-0 


4 


320 


• •i 


32-7 


88 


890 


5 


31-35 


• • 


27-6 


92 


92-5 


6 


34-1 


• •• 


23-4 


113 


113-5 


7 


34-2 


• • 


16-5 


110 


108-0 


8 


32-8 


■ • 


7-8 


84 


83*4 


9 


29-2 


• • 


1-3 


44 


470 


10 


34-4 


• • 


18-5 


113 


1120 



Table VII.* contains the principal figures of ten experiments 
made with a Rateau fan, 2 metres in diameter. Calculation shows 
that the equation of this fan is 

Ci^ + 2-64^Q - 1-91Q2 - 19-62H = . . (18) 
* '' Considerations sur les Turbo-miMihines/' by Prof. Rateaui page 170. 
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where Ci is peripheral velocity in metres per second, Q is in cubic metres 
per second^ and H is the head of air in metres. The accuracy of the 
equation is shown by the table. 

Table Ylla is taken from curves of manometric power and 
eflSciency of a fan with plane radial blades. The close agreement between 
the two values, except when the orifice is very small, is additional support 
to equation (12), for in this case Wi should not differ much from c^. The 
eflSciency here is the ratio of the fan horse-power to that applied to 
the fan shaft. 

In the same experiments fen No. VIII. with Appold vanes and spiral 
casing has an equation connecting the manometric power and equivalent 
orifice of the form — 

i - -186 -y- - 14-18 0»- 1-69 = . . (19) 

where /4 is the manometric power, and the equivalent orifice in square 
feet. 

TabLB Vila. — COMPABIBON BBTWBBN MANOMETBIO POWBBS AND MECHANICAL 

Eppicienoies fob Pan No. III., with Plane Radial Vanes in Mb. Bbyan 

DONEIN'S ExFEBIXENTS, MlNtTTES OF THE INSTITUTION OF ClYIL EnOINEEBS, 

Vol. oxzii. 



EqniTAlent Orifloe. 
Square Feet. 




Bianometrio Power. 
Per Cent. 




Efficiency. 
Per Cent. 


0-2 




67-5 




67-5 


0-4 




61-5 




630 


0-6 




550 




57-5 


0-8 




460 




47-5 


1-0 




38-0 




400 


1-2 




32-5 




33*5 


1-4 




27-5 


•tt 


300 



1-6 ... 24-6 ... 260 

It will be readily seen that this is equation (14) in another form. 
Table YIII. gives the actual and calculated values of ^ from this equa- 
tion ; the differences are trifling. 







Table VIII. 






Eqairalent Orifloe. 
SqnareFeel. 




Actual 

Manometric Power. 

Per Gent. 


• 


Oalonlated 

Bianometric Power. 

PerOent. 







590 




590 


01 




62-5 




64-5 


0-2 




430 




43-5 


0-8 




320 




331 


0-4 




24-0 




24-7 


0-5 




190 




18-6 


0-8 




9-5 




90 


1-0 




6-6 




61 


1-5 




80 




2-87 
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Table IX.— Pan No. VI. Mb. Bbyan Donkin's Expebiicbnts. 

Equiralent Orifice Oaloulated Actual 

in Square Feet. Manometric Power. Manometrio Power. 

Per Cent. Per Cent. 

... 600 ... 600 

01 ... 57-5 ... 68-0 
0-2 ... 541 ... 54-0 
0-3 ... 500 ... 50-0 
0*4 ... 40-4 ... 43-0 
0-5 ... 36*25 ... 36-25 
0-8 ... 20-7 ... 22'0 
10 ... 14-25 ... 15-0 

The equation to the above fan is — 

i + -192 -5L - 5-850* - 1-666 = . . (20) 

Table X.— Fan No. X. Mb. Bbyan Donein's Exfebihbnts. 

Equiralent Orifice Calculated Actual 

in Square Feet. Bfanometric Power. Manometrio Power. 

Per Cent. Per Cent. 

... 570 ... 57-0 

01 ... 63-0 ... 60*0 
0-2 ... 59-8 ... 59-8 
03 ... 510 ... 52-0 
0-4 ... 41-6 ... 41-6 
0-5 ... 330 ... 330 
0-8 ... 17-7 ... 17-86 
10 ... 121 ... 160 
1-5 ... 6-34 ... 7-5 

The equation to the above fan is — 

- + 2-43 -% - 13-5502 - 1-755 = . . (21) 

Table XI.— Fan No. XI. Mb. Bbyan Donkin's Expebimbnts. 



Equiralent Orifice 
in Square Feet. 




Calculated 

Manometric Power. 

Per Cent. 




Actual 

Manometric Power. 

Per Cent. 







28-5 




28-5 


01* 




328 




260 


0-24 




19-0 




19-0 


0-3 




14-5 




15-5 


0-4 




9-47 




10-5 


0-5 




6-5 




6-5 


0-8 




2-78 




2-8 


1-0 




1-8 




2-0 


1-5 




•08 




10 


* The smallest equiralent orifice at which a tost was made, 


except zero 


orifice, was 124 square feet, 



The equation to the above fan is — 

- H- 1005 -^^ - 126-402 - 3-51 = . (22) 



THEORY OF THE OENTBIFUGAL PUMP AND FAN. 61 

In conclnsioii, the proof has been attempted in the above pages of a 
theory which has ab-eady been applied to turbines, and is acknowledged 
to be accurate, and which also, in the author^s opinion, explains the 
working of centrifugal pumps and fans. In the former, carefully con- 
ducted experiments, which are absolutely reliable, are very few in 
number, while in the latter case, experiments with an anemometer are 
worthless where calculations sire required which depend on absolute 
accuracy in the discharge of the fan. Mr. Donkin's experiments, already 
quoted, are the only ones which appear to give accurate results as 
regards eflSciencies, especially as the eflSciencies are low. This theory 
explains the cause of the various forms of curves of manometric power, 
whose general form is only modified by errors due to the anemometer, 
and this is a strong argument in its favour. In Mr. Parsons's and the 
author's experiments on the centrifugal pump, both of which were made 
with great care and accuracy, theory and practice agree as closely as can 
be expected when unavoidable experimental errors are taken into con- 
sideration. 
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APPENDIX A- 

_TT 

Proof that ^ — gives the efficiency. 

In Hankine^B Applied Jfechanks, sec 562, p^e 506, the 

propogition iB pToved : — ^ The variation in a given time of the angular 

momentom of a body is equal to the angnlar impolae {sodocing tka: 

variation, and has the same axis." AjBsaming this, suppose that a 

particle of weight W passes throngh a fan, and that on entry its angnlar 

W 
momentum is — r, w^ where r, is the inner radins of the &ai, and ir^ 

Wr 
the tangential velocity ; and let — - w^ be the angnlar TimmAntnTn oq 

leaving the fan, then if T be the twisting moment on the diaft dne to 

W 

this particle alone, and t the time dnring which it acts. T./ = — 

W ^ 

(riiTj — Tttt^,). If w^ is the angular velocity T.w.L = — {riwic^ — 

if 

w 

r^ww^ = — {cr^\ — Cftt'i)* but ^ird. is the work done on the shaft, 

n^lecting, of course, the journal friction, so that if W^ is the total 
weight passing through per second, 

T.ir. = — (ritt^x — c^^^, 

so that the work done by the fan per pound = ' ^ "~ ^ ' . 

Now, either to^ = at inflow, or the fan produces it indirectly, so 
that in either case ^— ^ is the work done per pound, and as H is the head 



the efficiency is — . 



CiW^ 



APPENDIX B. 

Experiments upon a centrifugal pump by the Hon. C. A. Parsons ; 
comparison between theoretical and experimental efficiencies. 

The dimensions of the pump are given in a paper by Prof. Unwin on 
the *' Theory of the Centrifugal Pump," vol. liii., Proceedings of ike 
FnHtitutwn of Civil Efigineers, The external radius of the fan is ri=9'25 
iiiohcH = 2ra, the internal radius. The external and internal breadths of 



u, = 
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the fan are the same, = bi = b^ = 5'75 inches. There were eight 

vanes, and as their thickness is not given they are assumed as ^ inch 

thick at the ends. The velocity Vi in the volute is given as 3wi by Prof. 

Unwin, but as he evidently neglects the vanes this must be modified. 

Assuming a coefficient of contraction for ^ at discharge from the fen, 

which is also the custom in the case of radial flow turbines,* we get 

v^ = 2'85Mi, ta, = l-94z^. 

The angle ^ made by the vane at the external radius, with a tangent to 

the fan, is 15 degs., and at the internal radius the corresponding angle is 

40 degs., so that 

cot (p = 3-78 ; cot 6 = 1-91. 

For these angles see Fig. 3 (Plate VI.). 

Let 6 be the number of gallons per minute. 

^ 60 X 6-25 {2irribi — nb^ti cosec (p) K' 

Q 

60 X 6-25 (2irrJ?^ — nbj^ cosec 6) K. 

Where w = 8, the number of vanes, 

K_ 9 

then Wi = G X -001472. 
Taking Experiment 1 as an example, 6 = 1012 ; ii^ =. 1-48 ; v^ = 
8-48 ; Ci = 31-55 ; Wi = Ci — Wi cot <p and assuming that angle of relative 

flow and vane coincide. 

Wi = 26-04. 

,, ^ Ig 82-2 X 14-67 

'^ (hWi 31-55 X 26-04 

= 57-5. 

Then A« is the loss of head at entry into the volnte — 

_ (w, - v.y u> _ 
U~ ^ 64 ~ ^ ^^*- 

A. = (^' - "g^""^ ")' = 2-375. 

The friction of the pump is expressed by the formula F — where the 

64 

most suitable value of F is 2*5, so that — 

F ' = -4725. 

d4 

As the tube by which the head was measured was turned to face the 

• Bodmcr's Hydraulic Motors, Turbines, etc. 
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current the loss ~ may be omitted ; the eflSciencies are in fact dynamic. 

Hence if L = total losses — 

_ H X 100 _ 14-67 X 100 _ . 
''^ "" H + L " 14-67 + 10-681 "" 
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Method of calculating the hydraulic eflSciencies, actual and theoretical, 
of a Tangye centrifugal pump tested at the Wallsend Slipway, March 
18th, 1897. 

As an example the 14th ft. is chosen. Experiment gave the follow- 
ing : — I.H.P., 255-8 ; W.H.P., 91*1 ; revolutions per minute, 154*1 ; 
mean head, 18-875. Quantity of water discharged, 36,841 cubic feet ; 
length of interval, 9 j minutes. 

Velocity of flow 8*17 feet per second at discharge from the pump, the 
diameter of discharge being 86 inches. The horse-power required to drive 
the engine alone at 140-5 revolutions was 10-4, and at 160 was 16 horse- 
power, and at 154'1 it was therefore 14'8 by interpolation. 

The horse-power transmitted to the shaft is therefore — 

LH.P. - F.H.P = S.H.P. = 241-5. 

91*1 
Pump eflSciency = oTttt = '8775. 

This differs from the hydraulic eflSciency only by the bearing friction, 
and, neglecting this, the tangential component of the velocity of dis- 

_TT 

charge of the water from the pump = t^i = — , where Ci is the peri- 

CiTj 

pheral speed at 154-1 revolutions. As the fan is 5J feet diameter — 
Ci = 44-15, 
Wi = 26-6, 

= Losses of head at discharge from the fan, at inflow to fan, 

and those caused by friction and bends = 5*8 + 10-7 + 4*66 = 20*66, 

as the internal diameter of the fan is 3^ feet and the vanes are radial at 

inflow. Hence — 

H 13-875 ,^^. 



H + L " 34-535 
fj^lri, = - -025. 

The orifice = ^^ = cubic fee^per sec. ^ ^.^^^ 
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APPENDIX D. 
Method of calculating the eflSciencies of a small Bateau ventilator of 



9*8 inches radius of fan from the formula 



^H 



The radial component v^ of the velocity of outflow from a Bateau 
fen can be calculated from the equation : — 

Q 

Wi = g^g2 (see Table L, page 51), 

where B = radius in feet and Q = number of cubic feet per minute. 

__tDN 
'' " "60"' 

where D = diameter of fan in feet, 

N = revolutions per minute, 

«^i = ^1 + t^, 

assuming that the angle of discharge coincides with the angle of vane, 

and that there is no contraction, both of which, owing to the form of 

vane, are exceedingly probable. 

„ , • u J • • V. t L 10,000 10,000A 

H = dynamic head m inches of water x .... = — —- > 

144 144 

to reduce the manometer reading in inches to head of air in feet. 

32-2 X 1^«A 
. gn^ _ 144 

Taking Experiment 6 as an example : — 

Q = 2700. Ci = 110-8. 
/. t/i = 67-2. w^ = 178. 
h = 475. 

/. ^ = -64 



APPENDIX E. 

Construction of the vanes of the Bateau ventilator (Fig. 9, Plate VI.). 

K is the axis of the fan shaft and circles passing through S, P, Q, B 
have radii equal to the external radius of the fan, while P B is the 
breadth of the vane at the tip. Take a point B on the circle S and 
through it draw two arcs Be, B C ; the angle made by the arc Be with 
the radius Bo; is 45 degrees for type A and is the angle the vane makes 
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with the tangent to the outer periphery. The circular arc B C makes an 
angle C B B with the line B B parallel to the axis such that if w, is the 
intended velocity of the air at normal speed and Ci is the peripheral 
speed at the external radius, then 

tan CBB = ^, 

and this will ensure that at any point on the arc Be the air will meet the 
edge of the vane when running at normal speed. In tracing out the 
surface of the vane the arc Be moves with B on the arc B and e on a 
cylindrical surface with ice as radius and xx as axis ; the whole of this 
surface, however, is not required for the vane. Imagine adcb to sweep 
round the axis Kx and to cut out a portion ; this forms the vane, ad 
being the part near the eye, be that near the periphery, and Ka forming 
the cone at the eye. 



DISCUSSION. 

Mr. G. T. Duncan said Mr. Innes had introduced a subject which 
was obviously of intense interest to the members of the Institution, some 
of whom, he hoped, would be induced to give the results of their own 
experience. He had not had an opportunity of checking the indicated 
horse-powers, and the quantities given by Mr. Innes in his tests of the 
86 inch Tangyes centrifugal pumps at the large dock of the Wallsend 
Slipway and Engineering Company; but from a knowledge of previous 
results, obtained from similar and smaller pumps of the same make, he 
thought their accuracy was open to doubt. He might be permitted to 
mention, that in one dock on the North-East Coast the mean efficiency 
obtained from Tangyes pumps was over 50 per cent, and the gi-eatest, at 
the finish a good deal over 60 per cent. Perhaps Mr. Innes would make 
it clear whether allowance was made for fresh or salt water ; also, the 
friction in suction and delivery pipes, and whether leakage entered into 
the calculations. The friction of engine represented as 16 horse-power 
seemed very small. Was it taken by the indicator from engine working 
light ? If so, it would be more for the engine loaded. Did Mr. Innes 
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happen to know whether the engines and pumps were absolutely in line ? 
Any settling of the concrete in the engine house might throw the pumps 
slightly out of line, and there would then be a considerable increase in 
friction when the pumps and engines were coupled up. The friction of 
engine running light appeared only to have been deducted. Might he 
also enquire whether, when testing, care was taken to extract all the air 
from the top casing, as, if not, it would make a difference in the amount 
delivered ? It would also be interesting to know how the measurements 
were taken, as there was always some difficulty in taking accurate levels 
if there was much movement in the water. 

The discussion was adjourned, and the meeting dissolved. 



VISIT TO THE HARTLEPOOL ENGINE WOEKS. 69 



NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Fourteenth Session, 1897-98. 



PROCEEDINGS. 



THIRD GENERAL MEETING OP THE SESSION, HELD IN WEST 
HARTLEPOOL, ON SATURDAY, JANUARY 15th, 1898. 



VISIT TO THE HARTLEPOOL ENGINE WORKS. 

By the kind invitation of Messrs. Thomas Richardson & Sons, the 
members visited the Hartlepool Engine Works, Hartlepool, on Saturday 
afternoon, January 15th, 1898. 

Description of Works. 

One of the most important features in Messrs. Richardson's works, 
from a technical point of view, is the very complete system of power dis- 
tribution by means of electric machinery. 

Until recently, the power for driving the works was supplied by steam 
engines situated in the various departments, which received steam from 
a battery of boilers. The area of steam pipe under pressure was very 
large, and as the majority of the engines were of old and ineflScient 
design, the cost of driving the works was considerable. To reduce 
working expenses, Messrs. Richardson decided to drive their shops 
electrically with the most modern electrical and steam machinery. 

The outcome of the very elaborate investigations undertaken by the 
management, in conjunction with Messrs. D, Selby Bigge & Co., of 
Newcastle-upon-Tyne, is the excellent plant seen by the members on the 
occasion of their visit to Hartlepool. 

Steam is raised in two single-ended marine type boilers, 15 feet by 10 
feet, built for a working pressure of 160 lbs. per square inch. The pro- 
ducts of combustion are carried underneath the bottom of the boilers 
before being discharged into the smoke stack. 

VOL. xiY.-iwe. 7 
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The main driviog engines are two pairs of horizontal compoimd 
Corliss surface-condensing engines (400 millimetres by 690 millimetres 
by 850 millimetres stroke) running at a speed of 125 revolutions per 
minute, and designed to indicate 450 indicated horse-power. 

The feed, air, and circulating pumps are located in a culvert below 
the floor of the engine room, and are driven oflF the low pressure crank 
disk. The air pumps are of Edwards pattern and have proved eminently 
satisfactory, running perfectly noiseless at the above speed. 

Each of these pairs of engines is combined with a three-phase electric 
generator, which is capable of absorbing the full power of the engines. 
The rotating part of these machines consists of the flywheel of the 
engines, on the circumference of which are fixed the poles of the field 
magnet system. The winding of these poles consists of a spiral of 
copper strip, wound up on edge, the several convolutions of strip being 
insulated from the neighbouring turns by layers of varnished paper. 
This rotating field magnet revolves within the fixed armature. The 
laminated iron core of the armature is securely held in a cast iron frame, 
the whole being divided into two parts for convenience in handling. 
This ring-shaped armature is supported in position on two star-shaped 
cast iron frames, which in turn are carried centrally on trunnion rings 
bolted to the frame of the engines. The armature when in position is 
thus like a wheel, capable of being rotated round these trunnion rings. 
The turning moment exercised on the armature by the rotating field 
magnet when the machine is doing work is taken up on small bed-plates 
on the ground level at the outer circumference of the armature. These 
bed-plates are so arranged that, on loosening the tightening screws, part 
of the bed-plate can be slipped out of its place, which allows the armature 
to be rotated, there being then sufficient clearance for the screws 
and their bosses to pass through the embrace of these bed-plates. 
The advantages claimed for this mode of construction are, firstly, the 
possibility of carrying the armature absolutely centrally with regard to 
the rotating part, and, secondly, that it allows easy access to any part of 
the armature for cleaning or possible repair, without making the pit in 
which the armature is situated so large as would otherwise be required. 

In addition to these two compound engines, a single cylinder engine 
(400 millimetres by 850 millimetres stroke), surface condensing at 125 
revolutions, is situated in the adjoining room, and supplies power to a 
series of belt-driven continuous-current dynamos. These machines have 
been in use for many years, and were retained as they were still efficient, 
and the arc lamps in use were not suitable for alternate current circuits. 

\ 



\ 
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A three-phase generator capable of absorbing 120 brake horse-power 
is also driven by belt from this engine. This machine is used during 
periods of light loads, such as light night shifts, but can also be used in 
conjunction with the large machines if desired. The three-multiphase 
generators are controlled from a massive switchboard of white marble, 
which contains the necessary measuring instruments, and switches for 
these machines, and also for twelve motor circuits going to different 
departments of the works. All the circuits are provided with three-pole 
fuses which are fixed on slate panels at the back of the board, which is 
open to the adjoining room. 

The motor plant consists at present of four motors of 65 brake 
horse-power, one of 55 brake horse-power, one of 45 brake horse-power, 
three of 25 horse-power, one of 20 horse-power, one 15 horse-power, and 
one 10 horse-power. Of these the large motors are used in the engine 
and boiler shops, while the smaller sized machines are used for pattern 
shop, small tool shops, foundry and sheer legs shops. The number and 
position of the different motors in the shops was not determined by 
consideration of maximum efficiency, the engines having been for the 
most part simply replaced by motors. 

As much of the shafting in the shops had to be rearranged, it was 
thought desirable to subdivide this gradually, as experience shows to be 
most economical. In spite of the fact that a large amount of steam 
pipe is still in use supplying engines not yet replaced by motors, a very 
marked saving of coal, amounting to approximately 85 per cent, has 
been effected, and Messrs. Richardson expect to reduce their coal bill for 
factory driving by fully 50 per cent. 

Speaking generally, the noticeable feature of the whole plant is the 
extreme simplicity of the electrical machinery. The armatures of the 
generators are fixed and the rotating part is of such a nature that a break- 
do vm is practically impossible. The motors are of very compact design, 
taking up a minimum of room, which is oflen a desideratum in a crowded 
shop. 

Messrs. Bichardson have recently added an electrical manufacturing 
department to their already extensive marine business, and with a view 
of keeping well ahead in electrical matters, are working in conjunction 
with Messrs. Brown, Boveri, & Co., of Baden, who have a world-wide 
reputation as electrical power engineers. Messrs. Richardson are also 
licensees of the Tesla polyphase patents, and, although having only re- 
cently started as electrical engineers have over 8,000 horse-power of 
polyphase electrical machinery at work and on order for driving and 
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lighting purposes throughont the United Kingdom. The finn also sup- 
ply continuous current machinery, but the extreme simplicity of their 
polyphase system for driving purposes is so apparent that the multiphase 
machines are being made the leading feature in their electrical business. 
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NOETH-BAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



FOUETEBNTH SESSION, 1897-98. 



PROCEEDINGS. 



THIRD GENERAL MEETING OP THE SESSION, HELD IN THE 
LECTURE THEATRE, TECHNICAL COLLEGE, WEST HARTLEPOOL, 
ON SATURDAY EVENING, JANUARY 16th, 1898. 



Col. HENRY P. SWAN, J.P., Pebsidbkt, in the Chaib. 



The Sboretary read the miDutes of the last Gkneral Meeting, held in 
Sunderland, on December 6th, 1897, which were approved by the members 
present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. J. B. Fothergill and H. E. J. Camps to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Coall, Alex. B., Consulting Engineer, Baltic Chambers, Newcastle-upon-Tyne. 

Field, Arthur M. C, Electrical Engineer, 110, Sandyford Road, Newcastle-upon- 
Tyne. 

Hartley, W. A., Mechanical Engineer, St. George's Square, Sunderland. 

Hayashi, Kazuo, Engineer, 7, Warrington Road, Newcastle-upon-Tyne. 

Malin, Reginald P. H., Mechanical Engineer, 183, Hugh Gardens, New Benwell, 
Newcastle-upon-Tyne. 

Matsuda, Mantaro, Engineer, 7, Warrington Road, Newcastle-upon-Tyne. 

Ross, Charles, Engineer, c/o Messrs. Smith's Dock Co., Ltd., North Shields. 

Walker, Chaa. J., Mechanical Engineer, Elswick Works, Newcastle-upon-Tyne. 

GRADUATES TO MEMBERS. 

Fraser, John Holt, Engineer, 34, Balliol Road, Bootle, Liverpool. 
Wyand, Frederick W., Electrical Engineer, 13, Eldon Street, Newcastle-upon- 
Tyne. 
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ASSOCIATE. 
France, James A., Retired Naval Engineer, St. John Street, Newcastle-apon-Tyne. 

GRADUATES. 

« 

Andrew, John Davis, Apprentice Engineer, 83, Osborne Road, Newcastle-npon- 
Tyne. 

Edminston, Alex. R,, Apprentice Engineer, c/o Mrs. Sheffield, 10, Beaoonsfield 
Square, Hartlepool. 

Macartney, Walter C, Mechanical Engineer, Elswick Works, Newcastle-upon- 
Tyne. 

Mitchell, William^ Ship Draughtsman, Glen Street, Hebbum-on-Tyne. 

Moss, William, Apprentice Engineer, Point Pleasant Hall, Wallsend-on-Tyne. 

Todd, Geo. William, Ship Draughtsman, 126, Bede Burn Road, Jarrow-on-Tync. 

Vaughan, Wm. A., Apprentice, The Poplars, Gosforth, Newcastle-upon-Tyne. 

Wilson, Edward, Electrical Draughtsman, 13, Ely Street, Gateshead-on-T^e. 

Wotherspoon, William L., Apprentice Engineer, 13, Bellerby Terrace, West 
Hartlepool. 



Mr. A. McQlashan read a paper on the "Water Ballastmg of 
Steamers," which was partly discussed and adjourned. 

Mr. II. E. J. Camps read a paper on " Some Considerations in con- 
nection with the Transverse Framing of Ships." — ^The discussion was 
adjourned. 
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VISIT TO HAETLEPOOL ENGINE WORKS. 

The President proposed a hearty vote of thanks to Sir Thomas 
Richardson and his partners who had so kindly thrown open their works 
to them that day and shown them their very interesting electrical 
installation. He should like to have thought that the business of the 
meeting on the agenda paper had drawn together this large audience 
rather than the exhibition which they had had the pleasure of seeing ; 
however, that by the way. He would just ask them to allow him in 
their name to convey by acclamation a hearty vote of thanks to Sir 
Thomas Richardson and Mr. Morison for their kindness in showing 
them their most important electrical installation. 

This was agreed to. 

Sir Thomas Richardson, M.P., said that his firm had very great 
pleasure in throwing open their works to the members of the Institution, 
as any new departure, such as driving a large engineering establishment 
by means of electricity, would naturally be of interest to those who were 
connected with the numerous industrial establishments in the district. 
The Hartlepool Engine Works had been growing for fifty years ; and as 
a consequence they now covered a large area, and were driven by numer- 
ous steam engines, which were extravagant users of steam, and required 
a large amount of attendant labour. The diminishing profits in marine 
engineering did not warrant this waste of money, so it was decided, after 
very careful investigation, to adopt electrical power. The next question 
was, which was the best system ; and in order to decide the matter, he, 
Mr. D. B. Morison, and Mr. Selby Bigge, had visited all the principal 
electrically-driven works on the Continent, and they had decided in favour 
of the three-phase system as being by far the simplest, and the best 
adapted, in every way, for the driving of works. He had also been very 
much impressed with the magnitude of the electrical power business of 
Messrs. Brown, Boveri, & Co., who were certainly the pioneers of the 
polyphase system on the Continent, and his (Sir Thomas's) firm were 
now working in conjunction with them in the development of electrical 
machinery, for all purposes, in this country. He was glad to state that 
the installation at the Hartlepool Engine Works had already proved itself 
a great success, as the saving in coal and labour had been fully equal to 
their expectations. Engineering concerns had sufifered for many years 
with low prices and keen competition, and the only way to keep abreast 
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of the times was by reducing the cost of the finished articie ; and there 
wan no doubt whatever that the adoption of electrical power woold resale 
in an enormous saving in hundreds of works in this country. He had, as 
they knew, always had the interests of this Institnticm at heart, and if 
the members had benefited by their visit to the Hartlepool Engine Works 
he was very pleased. 
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WATER BALLASTING OF STEAMERS. 



By ARCHIBALD McGLASHAN. 



[Read bepobe the IifSTiTUTioK, ik West Habtlbfool, 

ON Jaitctaby 15th, 1898]. 

It is not intended in this short paper to trace the origin and develop- 
ment of the systems of water ballasting in vogne in steamers, bnt rather 
to enquire how far recent developments in shipbuilding and in the work- 
ing of steamers aflfect the subject. 

It will be readily granted that these developments have been con- 
siderable, and a brief examination of some of them in this connection 
may be both interesting and useful. 

Ist. — The general adoption of steel in the construction of the 
principal parts of vessels in place of iron made a considerable difference 
in the weight of their hulls — as much as 100 tons in the case of a 
steamer of 3,000 tons deadweight capacity, and in larger vessels 
somewhat in proportion. 

2nd. — ^The fuller form of bottom and bilge now generally adopted in 
building cargo vessels reduces their draught of water in the light 
condition compared with what it would be had the leaner form customary 
a few years ago been retained. And the substituting of flat plate keels 
in place of vertical bar keels has the same effect. 

8rd. — The proportion of beam to draught of water has increased 
considerably of late. If two vessels of similar deadweight capacity, but 
one having, say, 4 feet more beam and about 2 feet less load draught than 
the other, be compared, the wider vessel will draw from 6 to 9 inches less 
water in the light condition than the other ; and the proportion of beam 
to draught in cargo steamers has in many cases increased to a greater 
extent than is indicated by this comparison. 

4th. — The increased size of modem cargo steamers also tends in the 
direction of their having, when unladen, less draught in proportion to 
their dimensions than that of older cargo vessels, which were mostly of 
smaller size. Many of the fittings and part of the outfit have not 
increased in proportion to the size of ship. The square rig has disap- 
peared in most cases, and the masts and spars have been reduced in size, 
while the dimensions of vessels have been increased. There is conse- 
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quently less weight in vessels on that account than fonnerly. Deck gear 
and spare gear are also less now in proportion to the size of ship, and in 
many cases fewer decks are fitted than was customary a few years ago. 

Then, as is well known, the weight of machinery does not increase in 
proportion to the deadweight capacity of cai*go steamers. A 9 knot 
boat, carrying 8,000 tons deadweight, would have propelling machinery 
capable of developing about 950 indicated horse-power, but usually work- 
ing at about 780 indicated horse-power, and weighing about 240 tons 
under steam ; while a 9 knot boat carrying 6,000 tons would have 
machinery of about 1,400 indicated horse-power, usually working at 
about 1,140 indicated horse-power, and weighing about 840 tons. 

If double the deadweight required double the weight of machinery, 
the 6,000 ton boat would have about 480 tons of it. The actual weight, 
however, being about 140 tons less than that, gives the larger ship pro- 
portionately less immei*sion, when unladen, than the smaller one. 

It follows also from the foregoing that the bunker coal required is 
proportionately less in the case of the larger vessel. If the 8,000 ton 
boat referred to i*equires, say, 510 tons of coal for 40 days' steaming, the 
(>,000 touner would require about 690 tons. But had the consumption 
increased in proportion to the deadweight capacity it would have been 
about 1,020 tons in the larger ship. As it is really 880 tons less when 
coinnieiicing the passage in ballast, or about 165 tons less on arrival 
at the lotiding port, the immersion of the larger ship is affected 
correspondingly. 

r>th. -Independently of changes in the hull and equipment, there are 
conHidenihle developments in the machinery of vessels compared with 
former practice, resulting in less weight under steam for a given power 
of engine, imd in much less consumption of coal per indicated horse- 
])()wer. A vessel may start on a passage in ballast with, say, 750 tons of 
hiinkiT (joal, suilicient with the newest types of machinery to take her to 
a loiuling ])ort and back. With the older type of machinery 950 tons 
would have l)een re(iuired. The newer type has about 200 tons less coal 
when starting on the passage, or about 100 tons less on arrival at the 
loiuiing ])()rt, and the draught of water of the ship is less accordingly. 

The developments which have been enumerated tend to accomplish 
what shipowners desire. Taken in the gross they tend among other 
things : — Ist. To reduce the cost of ships per ton of deadweight capacity. 
2nd. To reduce the draught of water on which ships may carry a given 
detwlweight. 3rd. To reduce the consumption of fuel required to carry 
a given deadweight at a given speed. 
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It is qnite natural that developments which bring about such results 
should be welcomed. 

They, however, bring about an important reduction in the light 
draught of a vessel under steam, which requires correspondingly increased 
ballast, or other weight, to be put on board, so as to give sufficient 
inmiersion to enable passages to be made in ballast satisfactorily. 

Owing to changes in trade, vessels have now to make long passages in 
ballast more frequently than was formerly the case. We may, therefore, 
enquire how far the new conditions are met in' the provision made for 
water ballasting. 

The main purpose of ballast in steamers is to increase their draught 
of water, so as to make them manageable in rough seas, and to immerse 
the propeller sufficiently to enable it to do its work in a reasonably 
efficient manner. 

In the case of deep and comparatively narrow steamers ballast is 
sometimes required to ensure stability either when they ar6 without 
cargo, or when loaded with bulky cargo, such as timber, which stows 
high. In such vessels the most suitable position in which to carry 
ballast is in the bottom. But steamers as now built have usually plenty 
of beam to ensure stability, and it is not advantageous in them to carry 
in the bottom all the additional ballast which they require. Doing so 
would increase the metacentric height, which in such vessels is already 
considerable, and make them less sea-kindly in ballast. 

An instance will show that in practice it is found advantageous not 
only to carry more water ballast in ordinary cargo steamers but also to 
carry it at some considerable height above the bottom. The captain of 
a steamer of 4,000 tons deadweight capacity reported, three years ago, 
that when in the coal trade on the west coast of America for some time 
he had to make the return trips to the coal port in ballast and 
frequently found it very difficult to do so. In order to improve the 
conditions of the ship in ballast, for rough weather, he got large wooden 
tanks constructed on the quarter deck, capable of holding about 180 
tons of water. The tanks leaked a good deal but were easily replenished 
through the wash deck pipe. The weight of water contained in these 
tanks so improved the conditions of the ship in ballast that she made 
her return trips with more regularity and less discomfort to those on 
board. Captains of vessels frequently put 100 tons, or more, of loose 
ballast on deck, and experience a considerable improvement in the 
vesseFs behaviour on that account. 



80 WATER BALLASTING OF STBAHEB8. 

A brief reference may here be made to the systemB of water baUast 
tanks most commonly in vogne without entering into details which are 
already well known. 

1st. — Double bottom tanks are fitted to most cargo steamers bnilt 
now, either on the Mclntyre system, shown in Figs. 1 and 4 (Plate VIII.), 
or, and more frequently, on the cellular system, shown in Figs. 8 and 5 
(Plate VIII.). In either system the inner bottom may be carried con- 
tinuously throughout the ship, but in many cases the tanks are fitted as 
shown in the plates, being omitted under the machinery, or at least 
under the boilers, for fear of corrosion being accelerated by heat in the 
tanks if fitted there. Other modifications of the double bottom are 
sometimes made to suit special circumstances. 

2nd. — After peak tanks are usually constructed in steamers, and are 
very efficient for trimming a vessel by the stem. They are frequently, 
as shown in Fig. 5 (Plate VIII.), and sometimes carried higher as in 
Fig. 4 (Plate VIII). 

drd. — Fore peak tanks, shown in Fig. 4 (Plate VIII.), are sometimes 
fitted, but they do not seem to be much required in ordinary steamers. 

4th. — Deep tanks are sometimes formed in the holds of vessels by 
making a small compartment available either for water ballast, or cargo. 
They may be fitted either over a double bottom, as shown in Fig. 5 
(Plate VIIL), or down to the bottom of the vessel, as shown in Fig. 6 
(Plate VIIL). Where the engines are placed further aft than usual the 
deep tank may be placed forward of the engine room, instead of abaft, as 
shown in the illustrations. For various reasons, deep tanks do not find 
much favour. They are usually too confined to work certain cargoes 
easily in and out of them ; and in order to ensure tightness, the hatch 
openings in them have to be kept somewhat small ; then, unless they are 
kept quite full of water, when used for ballast they are troublesome, 
because the water set in motion by the rolling of the ship strikes with 
great force against the bulkheads and decks, and strains them. 

5th. — There is also a system by which ballast tanks are constructed 
on deck ; but the writer has had no experience to enable him to speak of 
the merits of this system. 

There are other methods which have either been proposed or adopted, 
one of which — 

6th. — Side tanks may now be described ; they are illustrated in 
Figs. 7, 8, and 9 (Plate IX.), and have the following advantages, viz. : — 

(1) They provide capacity for additional water ballast, which we have 
seen to be necessary in modern cargo steamers, and carry it at such a 
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height in the vessel as to make her easj in a sea- way ; the propeller is 
consequently farther immersed, and the excessive straining of machinery 
due to '^ racing '* is minimised. This is important, as many breakdowns 
of machinery are attributable to the straining caused by " racing." In 
some cases breakdowns occur to the machinery of ships in ballast in 
rough weather; but fractures may occur, in such circumstances, without 
being observed, and afterwards develop so as to cause the breaking of a 
shaft when least expected. 

(2) It is reasonable to assume that side tanks will increase the safety 
of a ship. The shell of an ordinary vessel may easily be injured to such 
an extent as to leak, and cause damage to cargo ; but the side tank plat- 
ing, where fitted, might remain intact in the case of injury to the shell, 
and prevent water reaching the cargo, and in some cases it might save 
the ship from sinking. Double bottoms have often proved efficient in 
this way, and in some instances have failed only because the injury to the 
bottom extended beyond the margin of the inner bottom, and so enabled 
water to enter the holds. This, however, the side tanks would in some 
cases prevent, and is a feature worthy of attention of those most interested 
in the safety of life and property. 

(8) While the measurement capacity for bale goods is reduced to the 
extent that the side tanks are deeper than ordinary deep framing, the 
tonnage of the ship (on which dues are paid) is also reduced to the same 
extent, and the space available for the stowage of cargo is not interfered 
with by 'tween decks, projecting stringers, hold beams, gussets, and such 
like parts as are usual in ordinary vessels, and intei*fere a good deal with 
stowage. The hold space is, therefore, rendered more valuable in the way 
of the side tanks. 

The deadweight capacity in many cases will not be reduced by side 
tanks being fitted, as these give the necessary strength, which in other 
vessels is usually obtained by fitting 'tween decks, hold stringers, beams, 
webs, or deep framing and such like, already referred to, and the weight 
of material in the parts which are dispensed with is about equal, in large 
vessels, to that required in the construction of the side tanks. 

In order not to unduly lengthen this paper a table (page 83) is 
appended giving particulars of 8 steamers, with the object of showing 
how newer vessels compare with older ones in displacement and draught 
of water when the ballast tanks are filled and coals on board for a 20 
days' run. 

Steamers A, B, 0, D, E, and F are representative of a large number 
of cargo steamers built and at work. The owner of steamer A made it a 
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mle, from the first, to put about 200 tons of rubhiflb ballast into her, 
when cargo was not obtainable, before sending her across the Atlantic 
in winter. Steamer B was built to do part of the Atlantic trade 
of her owners when they had cargoes to carry out as well as home. 

Steamer C proved an admirable ship in ballast, and in the table she 
is taken as a standard by which the others are compared, both as to 
displacement and mean draught of water in the ballasted condition. 

At line 19 in the table the displacement of steamer 0, in the ballast 
condition, is found to be *521 of the load displacement, and at line 20 
the draught of water in the same condition is '589 of the load draught. 
The lines following give displacement and draught by these factors for 
each vessel. 

Lines 25 and 26 show the deficiency in displacement and draught 
of each ship in the ballast condition when compared with steamer 0, or 
how much additional ballast would be required in each to bring them to 
the standard of that steamer, either on the basis of displacement or 
draught of water. It will be found at line 25, that all the vessels, 
excepting G, require more ballast to give them the same percentage of 
load displacement as steamer C. Steamer G has, in consequence of her 
side tanks, an excess of 180 tons displacement, equal to 5^ inches draught. 

Line 26 shows that all the vessels, including G, are deficient in 
draught, and how much additional ballast would be required in each to 
put them on an equality with steamer 0. But steamer G, even with a 
flat keel, is only 3^ inches deficient in draught, compared with steamer 
0, which deficiency 106 tons more ballast would overcome. As she has, 
however, an excess of 180 tons on the displacement basis she may be 
taken, on the whole, as equal to steamer in the ballasted condition. 

The writer does not contend that ship C should be taken as a 
standard by which to compare the ballasted conditions of other vessels ; 
nor does he wish it to be understood that comparison by displacement, 
or by draught, or by both together, would be an unfailing guide to 
securing the best ballasted conditions of steamers. Other^lements, too 
numerous to be dealt with in one short paper, have a modifying effect. 
Weight and immersion of ship are, however, main elements in dealing 
with the subject, and it is to these that attention is specially drawn in 
the paper. 

In conclusion, the writer has to acknowledge his indebtedness to the 
directors of Messrs. Wm. Gray & Co., Limited, West Hartlepool, for 
their ready permission to use the data required in preparing the paper. 
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It has been suggested that an explanation of the table might be 
made. 

If they looked along line 26 they would see under A, 68, which is 
the number of tons additional ballast that would be required to place 
that steamer on an equality with steamer C upon the basis of percentage 
of load displacement. The next steamer would require 179 tons ballast 
to put her on an equality with steamer 0, which has been chosen as the 
standard. Still continuing line 25, and under D, they found that 413 
tons more were required ; and so on along the table till they came to G, 
which had an excess of 180 tons. The same ship, if built without side 
tanks, as shown under F, would have a deficiency of 550 tons. 

In line 26 the deficiency of ballast is shown on the basis of draught 
of water. Members might ask why draught of water was introduced as 
a basis of comparison. With most ships the propeller goes down to 
within a given distance from the bottom of keel, whether the keel is of 
bar or flat plate form. The first ship A requires, on this basis, an 
additional 54 tons of ballast. The second, B, 154 tons. D, a steel 
ship, with triple engines, requires 469 tons. E requires 686 tons ; while 
the next, F, having a flat plate keel, requires 777 tons to put her down 
to the same proportionate draught as steamer 0. Steamer G, again, 
with side tanks containing 780 tons of additional ballast, would require a 
further 106 tons to put her down to the same proportionate draught as 
steamer ; but seeing that she has an excess of 180 tons when compared 
by the displacement basis, if we take the mean of these she seems to 
compare very favourably with 0. As shown under F there would be a 
deficiency of 886 tons of ballast. 



DISCUSSION. 

Mr. J. E. FoTHERGiLL, iu opening the discussion, said the subject of 
the paper was one of great importance — a subject which at the present 
time caused considerable uneasiness in the minds of all those actively 
interested in modem steamers. He believed everybody conversant with 
the subject must admit steamers were not sufficiently ballasted when pro- 
ceediug light ship. Referring to the table given at the end of the paper 
the most unpractical shipowner must realise it was impossible for a 
steamer, say, as given under heading F, to make headway against a gale. 
This stt'amer F carries 5,080 tons deadweight. When light ship in water- 
ballast and twenty days' coals on board (820 tons) her mean draught was 
10 feet 1 inch or about 12 feet by the stern. Suppose this steamer left 
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Antwerp with only six or eight days' coal on board, the boss of the propeller 
would be barely covered. He left the members to form their own opinion 
should this steamer experience a gale rounding Land's End. He might 
say he had had sea experience, and he certainly should not care to be on 
board a steamer under such conditions. He was at Barry about the 
middle of December last and for several days it blew hard. From the 
Saturday to the Wednesday no less than sixty steamers in ballast arrived 
at Barry, most of them from three to six days late from the Continent, 
and one no less than nine days from Liverpool. Owing to the propeller 
not being sufficiently immersed steamers could not be driven, and unless 
they could creep into some convenient port the risk to ship and excessive 
strain upon the machinery must be exceedingly severe. To this cause 
must be largely attributed the extensive damage to propeller shafts which 
they now experienced. In a steamer of the dimensions of F, he supposed 
the propeller would be about 17 feet diameter, and say 6 tons in weight, 
and the shaft about 12 inches diameter, under ordinary conditions light 
ship the revolutions would be, say 65, i)ut as soon as the propeller left 
the water probably 100. The periphery speed of the propeller would be 
something like 5,300 feet per minute. At this enormous speed the pro- 
peller plunged into the water, and in a few seconds the revolutions were so 
reduced that the engines were nearly stopped, and before the engines could 
resume the normal condition, the propeller was again out of the water. 
Under these circumstances the propeller could not drive the vessel, and the 
strain produced in overcoming the inertia of this high propeller speed 
must enormously aflPect the life of the shaft. Steamers were certainly not 
designed to cross the Atlantic in ballast and bunkers only. If the 
necessity of the times required steamers to cross the Atlantic without 
cargo, sufficient ballast should be supplied that the propeller might be 
sufficiently immersed to propel the vessel. He wished so far as he was 
able to impress upon shipowners that it was to their interest and advant- 
age to sufficiently ballast their steamers, as there was ample evidence of 
time saved far more than covered the cost of ballast, to say nothing as to 
wear and tear and damage to machinery. He fully believed the meeting 
would endorse the opinion that, particularly in modern steamers, more 
ballast was a necessity, that being so, he left it to naval architects to say 
whether Mr. McOlashan's design was one that best fulfilled the conditions 
required, not only as a question of naval architecture, but with the least 
possible encroachment on the cargo capacity for additional ballast carried. 
In conclusion, he desired to thank Mr. McGlashan for his most interest- 
ing and able paper^ 

▼OL. xnr.-iese. 8 
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Mr. Robert Thompson (Past-President) thought it hardly fair for 
him to discuss Mr. McGlashan's paper without more careful consideration 
than he had had the opportunity of giving to it. As far as the subject 
was concerned, it certainly was one that at the present time was very 
much to the front ; and for that, he thought, their thanks were dne to 
Mr. McGlashan. There was no doubt that a good many of the accidents 
Mr. FothergUl mentioned as happening to shafts, and also some of the 
misfortunes happening the fore ends of ships had been caused by in- 
sufficient ballast ; not so much to ballast out of place, or to the mere 
fact of crossing the Atlantic, but to the constant hammering on the 
fore end, when travelling long distances in ballast trim, loosening the 
riveting. The ballast amidships would certainly immerse the ship 
bodily, and give her a fair chance to contend against a head sea, such as 
was encountered in the Atlantic. He would like to ask Mr. McGlashan 
one question about grain cargoes : What would be the effect of sweating 
on tank sides, there being no ceiling shown on the plan as was fitted on 
the tank top of the ship ? 

Mr. McGlashan — The fitting of ceiling or cargo battens would 
depend on circumstances. For some trades they would not be required. 
The ship that Messrs. Gray were building had ceiling on the tank top, 
but not on the side tanks. The tank sides would be the same as bulk- 
heads which have neither ceiling nor battens fitted on them to prevent 
sweating. 

Mr. Thompson said he would like as much information upon the 
subject as possible. The only thing that struck him, and the only 
objection he could see to the arrangement was this, the ship's sides' were 
liable to contact with quay walls, and in that way would be more difficult 
to keep tight than on the bottom of the ship. If a vessel went on a rock, 
they heard of it, there was no concealing it ; but if it bumped against a 
quay wall, they might not until they found it leaking. 

Mr. McGlashan — Would the water leak outwards if the side tanks 
were full ? 

Mr. Thompson — Both ways. 

Mr. McGlashan — Not into cargo, unless the side tank plating was 
also injured. 

Mr. Thompson — They discovered that when the cargo was out, 
because they would not have the tanks full when cargo was in the ship. 
He was speaking of it as a question of repair. 
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Mr. McGlashan said perhaps he might be allowed to say that there 
was a valuable feature of the side tank design to which Mr. Thompson's 
remarks drew attention. It was important to remember that access could 
be got to the tanks from the deck at any time, and if the onter shell was 
damaged slightly, water could be pumped out and repairs executed, pro- 
vided the damage was not too low down, because filling the tank on the 
opposite side would heel the vessel to raise the damaged side out of the 
water. That might occur without injury to cargo, and even without 
requiring it to be discharged. 

Mr. Thompson was very glad to have that information, and he 
thought it was one of the successes of this Institution to have firms, such 
as that of Sir William Gray, allowing detailed information to the writer 
of this paper, and of Sir Thomas Richardson opening their works to the 
members, and thus adding to their general information, which was often 
useful to those giving it. He recognised one of the ships Mr. McGlashan 
mentioned. His firm was building one without the ballast at the sides, 
and he would be very willing to compare notes with him. 

Mr. 6. W. SivEWRiGHT, in discussing the paper, said it was a 
mistake to design vessels, more especially cargo boats, for any particular 
trade, and by making the side tanks as proposed Mr. McGlashan was 
legislating for a ship to run continually with cargo only one way. The 
design might be suitable for the deadweight trades, where cubic capacity 
was of no consequence, but he was quite certain in large steamers the 
cubic capacity was of as much importance as the deadweight, and if this 
capacity was reduoied the vessel, as a dividend-earning machine, would 
suffer in consequence. It would have considerably increased the value of 
the paper if the comparisons had been carried further, and this loss of 
capacity shown in the tables. Before coming to the meeting he had 
roughly taken out a ship to show how these were effected in a vessel of 
the following dimensions : — 
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316 ft. in. 


Beam extreme 








42 ft. 6 in. 


Depth moulded 








26 ft. 3 in. 


Block coefficient 
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Length of tank over midships 








173 feet. 


Decrease of bunkers 








100 tons. 


Decrease of hold capacity 
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14,066 cubic feet. 


Decrease of net tonnage ... 








70 tons. 
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by the occasional use of side tanks. With large steamers there was no 
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difficulty in getting well on to 1,000 tons of water ballast, and this had 
been augmented by carrying ballast in the tunnel. The space taken off 
in way of side bunkers for side tanks would necessitate the lengthening 
of the engine and boiler space to make up for tMs loss. With reference 
to deep tanks, he could not agree that these were not a satisfactory 
arrangement. He had just sent a boat to sea with a deep tank holding 
1,000 tons of water ballast, with large hatches in the top, making it 
available for bulky cargo. Many of the large steamers out of London 
and Liverpool used this type of tank for any extra water ballast they 
required with satisfactory results. He was quite certain that if both ship- 
builders and shipowners would cease building the fuller form of bottom 
and bilge as mentioned by Mr. McOlashan, and with finer coefficient, 
these ships would not have the trouble in getting about in ballast which 
they now have. Prom his experience, full cargo boats with an extreme 
block coefficient were quite a mistake for deep sea trading. With 
reference to the construction of the proposed arrangement of side tanks, 
he thought there would be considerable increase in the cost of doiug the 
work by practically having two different kinds of framing to contend 
with, but no doubt this would work itself right in the course of time. 
In taking a broad view of the design, it appeared to him the side tanks 
had been introduced more with the idea of doing away with the inter- 
mediate deck required by Lloyd's. He hoped the paper would be fully 
discussed. The practical opinion of many of the members would increase 
the value of the paper. 

Mr. Otto K. Trechmann said he was not a scientific man — only a 
shipowner. Mr. Sivewright mentioned that they did not talk about cost 
there. He did not know if that meant original cost, or cost of upkeep ; 
but, looking aliead at tliis matter as a shipowner, he would like to ask 
Mr. McGlashan how he got at the inside tanks to paint them, to prevent 
corrosion, for that, in steel ships, was one of the great factors they had to 
deal with after the vessel was seven or eight years old ? 

Mr. McGlasuan — There was an open space for getting freely about to 
examine the parts. The tanks might be entered at any time ; that had been 
looked into, and the general belief was that there would be no difficulty in 
reference to preserving the tanks. 

Mr. Treohmann — What was the width ? 

Mr. MoGlashan — In that particular ship, 2 feet 6 inches. 
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Mr. J. Black remarked that what he had been considering was this : 
suppose this .vessel was coming back from India with, say, a light rice 
cargo, she would shut out a considerable amount. As Mr. Sivewright 
had said, a vessel was designed for carrying, not to go light. The Atlantic 
had been spoken of ; but, as had been shown by Mr. Fothergill, he would 
rather cross the Atlantic in a light ship with, say, 750 tons of bunkers 
and ballast than make the passage, in bad weather, from Hamburg to 
Cardiff. He had himself vessels ten days from Hamburg to Cardiff. In 
crossing the Atlantic, it was well known, they could always make head- 
way some way or other. The question was of more importance in a short 
trade where the vessel took on board only three or four days' coal. But 
that was away from the point ; he was thinking of a voyage from India, 
and how much rice this vessel would shut out, and again in the cotton 
trade, how much would be displaced. These were points they would 
really have to consider if they were to look for a fair dividend, to say 
nothing of the first cost of production. Then, of course, there was the 
other point as regarded the keep up. These tanks would, no doubt, 
require a vast amount of ventilation. He thought the ventilators would 
be placed in such a position that they would be very dangerous in a sea- 
way, for he took it that they would be put on the extreme of the beam. 
These tanks w(Tuld require a lot of ventilating, or there would be a large 
amount of sweating going on. With light plating it was very difficult to 
keep paint on a steel steamer. He did not know what the thickness of 
this interior would be ; but there would be a considerable giving and 
taking, and it would be a very difficult thing indeed to keep the tanks 
efficient. 

Mr. F. Yeoman said he was only a shipowner and not a scientific 
man ; but he had read Mr. McGlashan's paper, and like Mr. Fothergill 
he could not help thinking that Mr. McGlashan was treating upon a most 
important phase of the mercantile marine of to-day. He traced eight or 
nine types of cargo steamers they had known during the last fifteen 
years. Steamer A of 2,850 tons deadweight was built in 1882, and 
speaking personally he could have wished he had made that vessel 
instead of steamer C his standard, for he had a distinct recollection of 
sailors telling him that sometimes when such vessels left ports on the 
other side of the North Sea, and there came on suddenly a westerly gale, 
it took them all their time to keep off a lee shore, but in the worst 
conditions they did it. They had seen all kinds of ships built from 
year to year, and he thought naval experts would soon be called upon to 
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tell them ^' where a ^ ship ' leaves off and a ^ box * begins/' From his 
window he had seen one of the latter with an easterly half gale and 
strong sea about puzzled to beat out of Hartlepool bay, and as a ship- 
owner he had not felt flattered that such was the case. Somebody had 
alluded to going round to Oardiff with few bunkers, and that was no 
doubt frequently the case. They had, at times, heard from him apon 
the subject of the inherent weakness of the sailing ship, as such, as 
compared with steamers, in the matter of life loss, more particularly as 
touching lee shore, etc., but he was by no means certain that they were 
not trenching upon a somewhat similar line in the large, light steamer 
of to-day. He thought the object sought to be brought about by Mr. 
McGlashan*s paper deserved all possible attention. They should treat 
the ship as a machine, and strive to ensure its being capable of doing its 
work under every possible condition. The sailor had a perfect right to 
demand that under all ordinary conditions, and even extraordinary 
circumstances, his ship should be able to do the work demanded of her, 
and as to which he ought to be under no undue anxiety. He trusted 
that the members of the Institution interested would ever keep this 
phase of seafaring life prominently before them. 

Mr. E. HmsT thought they must all agree that Mr. McGlashan had 
in this paper put befoi-e them one of the most important features raised 
lately in naval architecture. He (Mr. Hirst) was an engineer, and this 
type of vessel he felt might be one of the greatest advantages their engineers 
had received for a considerable time. The ship was practically doubled. 
Mr. Fothergill said a great many shafts were broken, but the tendency 
of this new design was to considerably stiffen the ship, and there would 
be less failures. They went back to the principles of ballasting vessels, 
and, as Mr. Yeoman said, sailors should have a machine to go anywhere 
He had seen them get as far as the Longships in going round Land's 
End, when it was found they had not enough engine power and had to 
put into Mounts Bay until the gale subsided. In his time sea-going 
vessels only went light for short distances, but it was now a common 
thing to send them out light to the Eiver Plate. He had, however, 
crossed the Atlantic several times, but never in a light ship, and he knew 
full well what were the conditions and with what the poor fellows had to 
contend. He was pleased to think that Mr. McGlashan had struck the 
key-note with regard to water ballast in ships ; he had also given them 
a more rigid ship and they would have less breakages in propeller and 
tunnel shafts. 
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Mr. E. W. De Rusett had simply a few questions to ask with regard 
to the pumping and other arrangements of the side tank steamer. 
Perhaps Mr. McGlashan would kindly state how the ballasting arrange- 
ments in connection with the side tanks would be carried out, and also 
the draining of the ship's midship holds and engine room, seeing that 
there were no limbers or wells there ? Some mention was made that the 
weight of the ship was not increased. This was diflScult to understand 
yrithout explanation, but he presumed the shell had been reduced in 
thickness on account of the inner skin. If so, was it a wise thing to do, 
considering the corrosion that took place between wind and water ? or 
possibly the type and size of vessel specially favoured the design under 
consideration. He would also like to know whether the side tanks would 
not be likely to sweat a great deal ? He asked this question as he 
noticed that no reference had been made to side ceiling for protecting 
cargo in these holds, and the application of battens seemed at first sight 
to be somewhat costly. He thought there would be more sweat from a 
tank side than from an ordinary bulkhead. Would not the cost be 
greatly increased, considering that the ballast and engine room valve 
connections to the shell would have to be made through watertight 
pockets ? Possibly Mr. McGlashan, in his reply, would give them a few 
figures as to the relative tonnage and capacities of the steamers quoted in 
the table, also how much coal would be cut out in the sfde tank design, 
as compared with an ordinary vessel, to obtain the 82 per cent, deduction 
for tonnage. He was glad Mr. McGlashan had brought forward the 
subject of water ballasting, as it was of special importance just now, 
when so many vessels steamed outwards in ballast trim. 

Mr. A. E. MniR thought that Mr. McGlashan was to be congratulated 
on his very able paper, and considered it a step in the right direction as 
r^arded the ballasting of light vessels. But the question of fitting side 
tanks greatly diminished the capacity of the ship's hold for cotton, etc., 
which was one great objection, and also the necessarily extra cost of build- 
ing side tanks in comparison to the cost of the deck and beams as at pre- 
sent fitted in ships of this class. There was also the question of getting 
water-tight work in connection with the riveting, owing to the limited 
amount of space between the shell of ship and tank side. He also 
considered that the transverse strength of the vessel would be greatly 
diminished by the removal of the deck and beams, assuming that the 
side tanks would give the required amount of strength longitudinally 
eqoal to that obtained by the deck. 
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Mr. G, Jones said, with regard to this. special type of water ballast, 
there could not be any difference of opinion in r^ard to the advisability 
of its being so increased ; the great diflScalty was how best to distribute 
the ballast. They had had deep tanks, bnt they had one disadvantage 
from which the first was exempt — that if they carried water ballast, they 
took expense to clean again. With regard to peak tanks, they had this 
disadvantage, that to be of any use in immersing a vessel of such a 
capacity, the size and weight would be such that the extreme endi| 
of the vessel would run a great risk of straining. Mr. McGladian 
mentioned a matter with regard to deck tanks. Some member present 
might have information upon that point. If he (Mr. Jones) was not 
mistaken, the tanks were all measured for tonnage. Of course the loss of 
capacity was saved in tonnage in the method proposed. There was one 
very important point about sweating. Probably some member might 
give them some information about the deck tank, if there was the same 
risk of sweating with side tanks as with deck tanks ? 

Mr. Jas. Thomson said one point occurred to him, and that was the 
question of the effect upon the stability of the ship in the event of any 
accident happening to the tank. In the case Mr. McGlashan had pat 
in his table there were about 800 tons of water ballast in the side tanks, 
about 400 tons on each side. Well, suppose the side was damaged, say, 
half of that on one side— 200 tons going in on one side — that would give 
the ship a very great list ? 

Mr. McGlashan — ^The quantity would not be so large, it would be 
subdivided. 

Mr. Thomson would like to ask if Mr. McGlashan had calculated 
what angle of inclination would be given to a ship if one side were 
damaged so that the water would fill one or more tanks ? 

Mr. McGlashan — It seemed to him, if one of these compartments 
was injured by accident, the vessel would be much safer than if there 
were no side tanks, because, with a damaged ship, water could be run 
into the other side, and restore her to the upright position. 

Mr. Thomson— Would you get it in quick enough ? 

Mr. McGlashan — It would not take long to get in a hundred tons. 
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Mr. George N. Arnison would like to ask whether the plating of 
the tanks was continnous or stopped at the bulkheads ? 

Mr. McGlashan— Continuous. 

Mr. Arnison — It should, then, be possible to reduce the thickness of 
the shell plating on account of the increased longitudinal strength 
obtained by the fitting of the side tanks. No doubt there might be some 
objections to side tanks ; but at any rate it appeared to him that their 
adoption would probably hasten the time when they should have 
longitudinal framing and dispense with the present transverse framing, 
thereby obtaining greater longitudinal strength and a lighter structure, 
and, for all practical purposes, at least as strong as the present mercantile 
vessel, as was the case with warships built on the cellular systeru. 1'hey 
could continue the longitudinals through the ends of the side tanks right 
forward and aft, gradually reducing them in depth, if thought desirable, 
and so obviate the objection to having one system of framing amidships 
and another outside the range of the tanks, as well as distributing the 
increased strength obtained from the side tanks. If some such arrange- 
ment were not adopted, just beyond each extreme end of the side tanks 
would be a weak spot. 

Mr. A. McGlashan said, if agreeable, he would briefly reply to 
the questions put to him, and give a fuller reply at the next meeting. 
The sabject of the paper was water ballasting of steamers; but the 
interest of the members seemed to centre most in the few paragraphs 
which referred to the side tank system of ballasting ; and many of the 
points raised in the discussion would probably be best dealt with in 
another paper on some future occasion. A good deal had been said as 
to the reduction of capacity in the side tank steamers. In proportion to 
the tonnage, however, she would have more bale space than an ordinary 
vessel would have. Some one had spoken about grain capacity. He 
would remind them that the ends of ordinary ships were often bulkheaded 
o£F, and left empty when they carried suflRcient grain to immerse them to 
the load-line. In offering steamers for carrying bale cargoes, the gross 
or grain capacities were frequently furnished, and the capacity of the 
side tank steamer might compare unfavourably with such gross or grain 
capacities of other ships if the relative value of the space in the two 
types of vessels was not explained ; but charterers soon got to know the 
output of vessels, and assessed the value of them accordingly. Then as 
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to the weight of a ship with side tanks, of course there woald be an 
increase in small ships ; but in small ships there was not the same need 
to fit side tanks. In the side tank ship referred to, the same amount 
of material was required as for an ordinary vessel of the same siae boilt 
to the recognised tables of scantlings, but the material was differently 
distributed. There was, therefore, no increase of weight, and the ship 
lost nothing in deadweight capacity, even though the tonnage would be 
reduced. 

The President said he was sure they were all delighted with the 
very able paper Mr. McGlashan had read, and certainly the subject was 
of great interest to the Institution. During the last session they had 
complaints that they had only engineering papers. This session, he was 
glad to say, they were having shipbuilding papers, and this subject of 
water ballasting was most interesting. In designing a ship they had got 
to make a compromise and consider what the ship was going to be used 
for. He thought this double arrangement for water ballast in many 
trades presented great advantages. Of course they could not " both eat 
their cake and have it," and if they lost in capacity they had advantages 
in some other way. All ships were not built for light cargoes; and there 
were many trades that suggested themselves, such -as the ore trade and 
many others, where capacity was not of moment ; but where strength 
was important, and this appeared to him to be a very strong ship, and 
had the means of ballasting without too great sacrifice. He thought 
those questions which had been raised as to the ventilating of the double 
skin, painting, and so on, were very small. There was not much fear 
in that respect, and also as to the sweating of cargo referred to. He 
should think these double skins would be the very thing to avoid sweat- 
ing. In regard to the general question of water ballasting of ships, and 
having had a great deal of experience with tank steamers, they were 
becoming quite familiar with the filling of ships' holds with water, and 
he thought shipowners and shipbuilders, too, evinced too great a fear of 
the effect of filling a ship's hold with water. They had met with the 
objection that if they were to fill a ship's hold with water they must 
shorten the holds and make the ship less valuable than she otherwise 
would be. Again, he had to say this referred only to certain trades, and 
if they were going to carry long rails and various other long articles, 
perhaps they might feel an inconvenience in limiting the length of the 
hold ; but, on the other hand, tliere were a great many cargoes where 
there would be no detriment in curtailing the hold to a certain extent. 
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The objection to deep holds with small hatchways in tank steamers had 
been p;ot over ; they were also not so much afraid as they used to be of 
loose water in holds. When tank steamers were first built it was never 
intended thnt the ballast water should be let loose when crossing the 
Atlantic ; but they had found captains (growing familiar with the 
subject) acting in a very reckless way by commencing to pump out 
the tanks in a gale of wind, and the result had been that in later ships 
they had had to make stronger bulkheads to withstand such treatment. 
This could now be foreseen and provided for, and he did not see why in 
large steamers their holds could not be used for water ballast, having a 
longitudinal centre bulkhead, which incidentally acted as a useful sub- 
division, and in that way they got their ships eflBciently ballasted, whereas 
ships were often sent across the Atlantic in a condition that was simply 
tempting Providence. 

The discussion was adjourned. 
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SOME CONSIDERATIONS IN CONNECTION WITH THE 
TRANSVERSE FRAMING OF SHIPS. 



By H. E. J. CAMPS. 



[Read bbfobb the Institution, in West Hartlepool, on 

January 15th, 1898.] 

When the writer promised, a few weeks past, to read a paper before 
the present session of the Institution, and undertook to give one, dealing 
with the above subject, he did not expect to find it so broad and intricate 
as it is, and he considers it necessary, therefore, to apologise to the 
members for the apparent incompleteness of the attempt. The primary 
object in selecting this subject was that of inducing a discussion, by 
which the ideas and opinions of shipbuilders interested might be obtained, 
in order to throw more light on a matter which has not, to the mind 
of the writer, hitherto received the attention which it deserves. As 
to whether the results of the following investigations would be considered 
favourable or not is left to the members to decide, and it will be most 
gratifying if the remarks made may be of value to others, and call forth 
a discussion on a very extensive subject, which the writer himself cannot 
but feel it impossible to do much justice to. 

There are so many different types of vessels in existence, each of 
which is generally designed for some particular trade, or to fulfil specified 
conditions, that it would be impossible to enter into a discussion on this 
subject for every design carried out. For a basis, therefore, upon which 
to work a vessel of the most common type has been taken, namely, a 
three-deck ship, and it will be the endeavour of the writer to discuss 
this ship as she would have been if built on each of the several different 
systems of framing. 

The longitadinal and midship sections given on Diagrams i. and ii. 
(Plates X. and XI.) are for a vessel built two or three years ago to 
Lloyd's highest class on the ordinary frame and reverse frame system, 
in conjunction with wide-spaced hold beams. Her dimensions were : — 
400 feet long between perpendiculars by 46 feet 9 inches breadth 
moulded and 81 feet 6 inches depth moulded. 
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It may be taken for granted that there are only four different systems 
of framing admitted by Lloyd's, and the plates represent the above vessel 
as she actually was, and as she might probably have been if built to the 
other systems. 

The longitudinal and midships sections shown in Diagrams i. and ii. 
(Plates X. and XL), besides representing the ordinary frame and reverse 
frame system, also stand for the channel and Z frames, with the excep- 
tion that the frames, instead of being built up with angles, as shown in 
the midship section, are of Z or channel bars. Diagrams iii. and iv. 
(Plates X. and XTI.) are to represent the same vessel as she probably 
would have been if built on the deep frame system, or as they are 
frequently called the girder frames. And Diagrams v. and vi. (Plates 
XIIl. and XIY.) are also for the same vessel as she might have been if 
framed on the web frame system. As regards the two latter, of coarse, 
there must be some doubt, for it is almost impossible to tell what would 
happen to the plans when submitted for approval to Lloyd's Committee, 
as the vessel under consideration just happens to come over the grades 
given in their rules for deep frames, or web frames in lien of hold beams. 
They would most likely ask for another bulkhead, or other extra 
strengthening, but, for the purpose of this paper, the plans as given will 
be sufficient to represent the writer's object. In each case the frames 
are required to be spaced 25 inches apart, and in the web frame system, 
the webs are not to be more than 4 frame spaces from each other. • 

If the elevation on Diagram i. (Plate X.) be examined, it will be 
seen that the main hold is the longest and deepest, and the part between 
frames 128 and 142 has the least support, so that it may be taken as 
being the weakest portion of the framing of the structure, and to that 
part attention has been mainly confined in each case. 

The various strains to which the transverse frames may be supposed 
to be subject are many and varied, of which the following are a few of the 
worst : — The first, which is undoubtedly the worst, so far as the frames 
themselves are concerned, is very complex, though at first sight it appears 
very simple. When a vessel is laying alongside a dock wall, she will rise 
and fall with the tide, and be liable to being blown against the wall by 
the wind, or she may be thrown against it by the action of the disturbed 
water, and kept from coming bodily into contact by means of fenders : 
or she might be jammed in between the dock wall and another vessel — 
by no means an uncommon case ; or again, if taking in cargo from lighters, 
or coaling at sea ofT another vessel, the same thing happens, and in each 
case the frames are subject to very severe stresses. These stresses are of 
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such uncertainty and magnitude that it would be of no value to choose any 
one as an example, and base all calculations upon it, and the most reason- 
able course seems to be a determination of the safe maximum load to 
which the frames could be subject ; and that is what has been attempted 
in the following calculations. The figures shown in Diagram vii. 
(Plate XIV.) represent, as closely as necessary for our purpose, the 
forms which the frames will take when subjected to a concentrated load 
at a point midway between the two lower stringers ; and this is obviously 
the worst condition of the load, as far as the frames are concerned. 
First, for the type of vessel as represented by Diagrams i. and ii. (Plates 
X. and XL), Fig. 1, Diagram vii. (Plate XIV.), represents the frame 
acting as a beam, supported rigidly at A and B, which represent the 
main deck and top of tank knee respectively ; C is the position of the 
lower deck stringer ; D and E the middle and lower stringers respectively; 
F being the point of concentration of the load, which is assumed as being 
a uniformly increasing load up to the safe limit. When the load begins 
to take effect on the frame, it bends, as shown at Fig. 2, Diagram vii. 
(Plate XIV.) ; and as the load is a uniformly increasing load, this 
deflection will increase to a certain distance, or until the limit of 
deflection is reached, which limit will correspond to the safe load which 
can be placed upon the frame. But, before this limit of deflection 
is reached, the stringers indicated at D and E will also begin to 
bend under the load, and the frame will give, rot only between D 
and E, but also between C and B, and it will assume the shape repre- 
sented at Fig. 3, Diagram vii. (Plate XIV.). For the purposes of 
illustration, these deflections have been purposely exaggerated. Writera 
on the strength of materials have given the safe limit of deflection as 

T 

being equal to ^r-^, where L is the length of the span in feet, and in the 

following calculations that limit has been assumed. If that deflection is 
exceeded, the beam has practically lost its elasticity, and continues to 
deflect with a constant load until it breaks— i.e., if the load be great 
enough. 

In order to save time and make matters clearer, the writer has con- 
sidered it advisable to give all the calculations in detail, which will be 
found in an Appendix on pages 111 to 118. Those calculations have 
been taken on frame 135, the length of which between the main deck 
and the top of the tank knee is 20 feet 6 inches. The distance between 
A and C is 7 feet 9 inches, between C and D 4 feet 9 inches, and 
between D and E 4 feet 6 inches. Fig. 1, Diagram viii. (^Plate XIV.) will 
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illuHtrnto more (^Icarlj the distribution of the loads over the frames and 
Htriufcore. Keforring to the results of the calculations in the Appendix, 
t ho Hufo muxiiuuiu load which can be placed on the frame, if it were to 
\n\\\{\ iM^twwii 1> and E, is 7,210 lbs., for which the deflection is -009, or 
only u littlo ovor /a ^'^^1^* '^^^^ being so, and the load on each of the 
two Htrinj^orH Innng d,60r) lbs., if those stringers were not supported at 
tlio u<ljoininK frames, they would be of no use whatever, for the stringers 
|.hi»rnw»lvoH, if thoy wore only supported at the bulkheads on frames 108 
atui 1 1H« an^ only oai>ablo of sustaining a load of 151 lbs. on D and 8'75 
llm. on H. Am a matU^r of fact, each stringer is connected to all the 
frimioK by ft^ur J iurh riwts, of which the maximum strength against 
liMMlnK It* ft^ <^^»»»*» ^^r allowing]: a factor of safety of 4, their strength is 18 
|.otm, It tui^ht hoiv Ih' nMuarkod that, from what is shown in the calcnla- 
tlouH, S rlvotH would bo ample, as giving a support of the value of 6^ 
louH, i\\\{\ (hat. tlio tvvorno lug usually fitted might, in the case of smaU 
ulrluK''****. !>** tlispouHinl with. 

It rnny l»o ol>Hor\iHl from tho elevation on Diagram i. (Plate X.) that 
(ho lowor ilook HtringtT, (\ is supported at frames 128 and 142, and from 
(7) In iho Appomlix tho safo Uwd on the stringer, between those two 
polulH or hohl l»oan\H, is 14,000 Iba., with a deflection of '068 from (8). 
Aw nono of Iho safo loads on the fn\me, which we are considering, any- 
how approaoh this nmount« it will Ik> quite justifiable to consider it as a 
(ImmI mipporl for (ho framos, and this reduces the span from 20 feet 6 
luohos (o P.? foo( U ioohos. Tho main deck is undoubtedly a fixed 

mipporl. 

W(»lnrninK to Fiir. K Hiagnvm viii. (Plate XIV.), having shown that if 
lh(^ Hi iMOK»*^'»* l'<**»'' ^'**7 ^""^* *"^^' *'^^' fnunos, to which they are connected, 
wilh Ihom, ami nssuiniioj: (hut thry are just capable of sustaining the 
proHHun* on ihom nl framo 0, tho lonjrth over which they would have to 
uol, if thoy honi io ihoir safo limits of deflections, would be for the 
Hd'in^^or l>. 11>I^ ^^'^'^ {(vmi I in tho Appendix), and for E, 4-68 feet 
(from iJ). f'»i* whioh (ho dotiootions an? -O.^SO and '0092 respectively 
(from W nnd IK providtnl (hoiv was no supjwrt in between. But as has 
hoon shown, (horo is snoh supi^rt nt oaoli frame in succession, and the 
valno of (ho no(nal snppor( irivon by tha^^e frames is most difficult, if not 
impossihlo, to asoortain by calculation. 

' ' ' I ! 'rn — I i ^ r 

^ K L M N O l> Q R S ^ 
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In the above figure, at the point X, is represented the load on the 

stringer D in Fig. 1, Diagram viii. ( Plate XIV.), due to the load at the point 

F on frame 0. The lettering at the successive ordinates on each side is 

for the frames, as in the same diagram. Then the reactions at the frames 

N and P will be greater than those at M and Q, in proportion to their 

deflections. As the safe limit of deflection for the stringer D is greater 

than that of the frame P when bending between and B, we will assume 

that D bends to the safe deflection of P at P, and that the support which 

it receives at that frame is equal to half the total safe load on it. That is 

13 980 
to say, the support which it gives to D is -^ — or 6,990, the remainder 

being taken up by stringer E. Quoting a few of the results given in the 
Appendix, if the stress on the stringer is equal to the sum of the reactions 

on the frames they will each be — ^ — = 28,041 lbs., to which load the 

stringer will, under a deflection of 0255, act over a length of 21 feet 
2 inches, in which there are 8 frames giving support. These will all be 
bent to something like the shape shown in the figure on page 100, which 
is much exaggerated, though probably they would each have a slight 
curvature. The sum of the reactions at K, L, M, etc., due to their 
deflections, if the line J is straight, is 84,946 which only leaves it 
necessary for the stress on D to be equal to 21,187. The length for it to 
act over with this stress works out to 23 feet 4 inches, and as only the 
same number of frames is needed as in the 21 feet 2 inches length, the 
frames, instead of being spaced 25 inches apart in 20 feet 10 inches, 
might be 28 inches apart in 23 feet 4 inches. 

So, in the first place, it has been assumed that the stringer bends to 
its own safe deflection independent of the frames, without which, there- 
fore, it could only act over a length of 1 9*3 feet ; and, in the second 
case, it has been assumed that the stringer bends to the safe deflection 
of the adjoining frame, which is less than that of the stringer in the flrst 
case, and the length over which it acts is by trial 21 feet, and by 
correction over 23 feet. This is for the middle stringer only. 

The lower stringer, again referring to the Appendix, has only a length 
of 8'2 feet to work over to suit the deflection of the adjoining frame, and 
it has only one frame to support it on each side of 0, without counting 
that at its extremities, which, for the calculated safe length, is expected 
to be fixed. But these end frames are not fixed, and with the pressure 
on them they would bend ; and this being so, the safe deflection of N 
and P will be exceeded, thereby losing part of their value. This would 

TOL. xnr.-iiBi. 9 
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probably be so if there were no bilge, bnt owing to the great round at 
this part the strength of the frames is sufficiently increased to withstand 
such strains. 

It will be observed that the assistance which the stringers give to the 
frames in resisting transverse strains is very important, and the difierence 
in the value of the two lower stringers is very marked. From the 
calculations it would appear that, as far as the middle stringer is 
ooncornod, a wider spacing than at present carried out in the transverse 
frames might be adopted, tis, indeed, appears from all the other stringers, 
with the exception of the lower one, and, as already pointed out, the 
round of the bilge is a very great help indeed, on account of what is 
known as the flexural rigidity of the frames and plating. In the 
Api)undix will also be found a detail calculation supposing the load to be 
concontratod on the frame at the stringer D. In that case the 
calculations work out a trifle more than with the load concentrated 
between I) and E. The original lengths are about the same, but the 
final or corrected length is a trifle more, it being 24 feet 8 inches, and 
tin; HpiMMiig of the frames might be 29 inches. From these remarks it 
would bo inferred that the spacing of the frames could exceed the actual, 
to a very fair extent, and, from what has been said, it would evidently 
b(5 very unl'iur to (jonsider the frames independently of the support they 
gain from the longitudinal girders. 

H(5f()ni leaving the ordinary framed sliip it will be of value to notice, 
for a few niinutew, the efTect of the hold beams on the lower deck 
Htringc^rs. Some builders in ordinary frame ships camber these hold 
beams in the same manner as the deck beams, and this, in the opinion 
of the writer, is a mistake. The primary object of fitting these hold 
beams is to stay the ship's side up against compressive strains, under 
which they ac^t as struts, and are, practically, under direct compression. 
If the beams are (lambered, it is needless to observe that they have 
alrejidy lost the greater part of their value as struts, for long ones, such 
as these, do not retiiin much of their strength after buckling has 
conimencicd. Of course the value of the hold pillars themselves cannot 
be neglected, and, as is shown in the midship sections, there are three of 
these in th(^ length of the beam. These beams also tie the sides of the 
ship together at intervals ; and in ships havinir long holds — such as the 
one under consideration- -eonihined with great depth below the lowest 
laid deck, such ties are very necessary. But the first of these two cases 
is the more important, and is the one to which special attention is 
drawn. In nearly every ship these beams come close down to the 
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nentral axis, and invariably are at the widest part of section, which is 
without doubt the proper position for them. The width of the vessel 
under consideration at this part is 46 feet 9 inches, and the safe load 
of the beam will be represented by the formula — 

1 + V 

where s = the sectional area in square inches, c = constant taken at 
-g^ for steel (this constant is rather a doubtful factor), /= 10,000 
lbs. safe load, I = length in feet, d = the depth in feet. The value 
of the beam, without considering the support of the pillars, is — 

W = iQ>QOQ X ^^'^ 

1 ■ ^6-75' 
500 

= 45,487 lbs. 

= 20 tons, 

and, with the pillars giving, say, six I rivets to break, = 100 tons. 

We have already seen that, taking the span between frames 128-142, 
the safe working load of the stringer is 101^ tons— neglecting the support 
of each individual frame— or a load on each hold beam of 50 J tons, so 
that there is no danger of the beam buckling with a load on the stringer 
at the middle of its span. But if a force were to strike the ship's side 
on the stringer at or close to the beam, its great value is easily seen from 
the above result. Thus, if a vessel is wedged between two others, as 
frequently happens with any vessel afloat, or in any other similar strain, 
these beams act a most important part in the strength of the framing, 
as they have to bear the greater part of such strains. 

Returning to the frames themselves, we come next to the vessel built 
on the deep frame system, of which Diagrams iii. and iv. (Plates X. and 
XII.) are the longitudinal and midship sections respectively, arranged 
to what would probably be Lloyd's requirements for the vessel ali-eady 
considered under the ordinary framing system. The bulkheads have 
been kept the same, though probably an extra one would be required as 
she now comes somewhat over the highest grade included in the rules 
for deep frames and side stringers in lieu of hold beams. The calcula- 
tions will again be found in detail in the Appendix, as far as they 
have gone, the same portion of the hold having been considered in 
order to facilitate comparisons. It is only necessary now to draw 
attention to the result of those calculations. 
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The length of the frame is 20 feet 6 inches, as before, but the spacing 
of the stringera is rather different, and Pigs. 5, 6, 7, and 8, Diagram 
vii. (Plate XIV.), will represent their respective positions on the length 
of the frame. Referring to Fig. 2, Diagram viii. (Plate XIV.), if the 
load was supposed to be concentrated on the frame 0, between D and E, it 
is seen from the Appendix that as the length of the span is only 5 feet 
6 inches, the safe deflection will be '001, and the safe load 562,184 lbs. 
This is equivalent to a load at D and E of 281,092, under which load the 
stringers will act over a length of only 5 feet or about 2^ frame spaces. 
The frame will deflect and take the stringers D and E with it. Also 
the frames N and P, will not be able to withstand the pressures exerted 
on them from the stringers D, E, in consequence of which they will both 
bend between and B. But the depression will probably not cease at 
the frames N and P, but be further carried on to M and Q, before reaching 
which points, the actual pressure on the frames becomes very vague. For 
this case, then, the loads being very much distributed, the effect of the 
stringers in taking them up and transferring them to the adjoining 
frames, is so complicated that the strength of the whole network of 
frames and stringers is practically impossible of solution by calculation, 
and could only be approximated with any degree of accuracy by ex- 
periment. 

And again, if the load was concentrated on the stringer D at frame 
0, the calculations are as doubtful as with the load between D and E, 
for when once the stringers C and E become affected it is impossible to 
tell how the pressures are distributed over the system 

These remarks will explain the apparently unfinished condition of the 
calculations in the Appendix. 

The last system to deal with for this particular strain is the web- 
frame system, Diagrams \'. and vi. (Plates XIII. and XIV.), and which 
is more plainly shown in Fig. 3, Diagram viii. (Plate XIV.). An 
examination of that diagram will show that as far as the web frames 
themselves are concerned the same remarks will hold as were made in 
the case of the deep framed ship, and the strength of the system of 
the network of web frames and strinj^ers is practically impossible of 
calculation. It will however, he interesting to show how very materially 
the ordinary frames of a ship are affected by the web frames, for which 
purpose only a short investigation is necessary. 

If the load was concentrated at midway between D and E, as shown 
in Fig. 6, Diagram vii. (Plate XIV.), the siife maximum load is— 
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xrr _ 48 X 13,000 X 2,240 x 117 x ^'^ ^^^}^ 
^ (5-5 X 12)3 500 

= 74,980 lbs., 
and this is equal to a reaction on the stringer of 37,490 lbs. The 
stringer is capable of resisting a pressure — 

Txr 48 X 13,000 X 2,240 x 712 x ^'^ ^ ^^ 

w = -"-(s^sirw ^^^ 

= 202,200, about, 
with a deflection of — 

; 8-3 
500 
= -0166. 

And this is considerably over what the frame is capable of producing on 
the stringers. The effect, therefore, of a load acting at the middle of 
such a span as that between I) and E on the ordinary frame in the web 
frame ship would be to bend the frame only before the stringers or 
web frames would be affected to any appreciable extent. And if the load 
was greater than the safe load of 74,980 lbs. given above, the frame would 
still bend, and probably give way altogether before the stringer would be 
materially affected, and this would be the case on any individual frame 
at any part of the ship except at the web frames. A table (page 110) is 
given with the Appendix, in which the scantlings of the frames to the 
different systems is given for the vessel which has been considered, and in 
it are given, for purposes of reference and comparison, the moments of 
inertia of the frames with and without the shell plating, and their 
respective moments of resistance in inch-tons. There is also given the 
same information for the stringers of each of the different systems. The 
influence of the shell plating, when taken into account, is very marked, 
especially in the case of the web-frame ship. In that latter the shell 
plating has the effect of more than trebling the moment of inertia. The 
great difference between the frames of the deep frame ship and the side 
stringers for the same system is worthy of note, as indicating rather a 
waste of material in the latter for the comparative strength. It hardly 
comes within the lines of this subject, or the writer would have liked to 
have dealt with these stringers and their relative weights and efficiency. 
It is sometimes thought that the pressure of the water acting on the 
sides of a ship produces a heavy strain on the transverse frames. There 
is, of course, a certain amount of strain on the ordinary frame, especially 
jost above the bilge where the water would have the greatest effect. In 
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the vessel which we have been considering, the pressure of the water on 
the frame might be taken as being concentrated at a depth of 18 feet, at 
which point the pressure is 5*64 lbs. per square inch. Or, in other 
words, the frame, neglecting the stringers entirely, might be considered 
as a beam supported at both ends and loaded at 14 feet from A, taking 
frame 185 as before. The load on it at 18 feet down is 5*64 by 25 or 
141 lbs. The 18 feet is taken at f the depth of the water to the top of 
the tank knee. The actual bending moment due to this load is only 
about '8 foot-ton, whereas the maximum moment of resistance is 28 foot- 
tons according to the table, from which it can be seen that there is a 
very large margin of safety. 

There are several very important considerations to take into account 
in discussing the possibilities of a wider spacing of frames than is at 
present adopted, most of which have been dealt with at various times, 
and which will only be mentioned in the following remarks. But, first, 
the writer would like to draw attention to the effect of a wide spacing of 
frames on skin plating when subjected to compressive strains. When a 
vessel is riding over waves the upper and lower works are subjected to 
tensile and compressive strains alternately, alternating when on the crest 
of a long wave or in the hollow. It is when the plating is in compression 
that the frames are of the greater importance, and special attention 
should be given to this consideration. It is clear that, unless the plating 
is well supported at sufficient intervals, the stress on the material 
cannot be very great, and to show the difference it is proposed to assume 
the possible spacing of frames given in the Appendix for system A, and 
compare it with the 25 inch spacing, the possible being 29 inches. The 
average thickness of the outer bottom plating near the keel is about |4, 
and at the top there is a complete steel upper deck of ^ thickness 
amidships. Both the tank floor and the beams are spaced 25 inches 
apart, and the safe load on the plating will be obtained by the formula 
for pillars tixed at both ends, as in the case of the hold beams, viz. : — 

W= /^ 

" ft- 

Taking a strip 12 inches wide in each case, we have for the bottom 

plating— 

^y ^ 10,000 X 7-8 



1 + 



2-088' 



2,400 X -0541' 
= 48,042 or 6,159 lbs. per square inch. 
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And for the deck plating — 



^ _ 10,000 X 4-8 
l^ 2-088» 



2,400 X -OSSS* 
= 18,154 or 3,780 lbs. per square inch. 
That is, taking C to be of the value of ^Vxr- 

If the spacing were to be 29 inches, the value for the bottom 

plating is — 

10,000 X 7-8 



W = 



2-416" 



2,400 X -0541' 
= 42,542 or 5,454 lbs. per square inch. 

And for the deck plating — 

10,000 X 4-8 



W = 



2-416' 



2,400 X -033. f 
= 15,014 or 8,128 lbs. per square inch. 

From these figures will be seen the great difference in the stress per 
square inch caused by even so small a difference as 4 inches in the 
spacing of the frames. In the case of the bottom plating a difference of 
700 lbs. per square inch, and in the deck plating 650. Of course, if a 
wider spacing of frames was wished for, this deficiency could be over- 
come, if necessary, by increasing the thickness of the plating. As to the 
real necessity for such increases being made in the thickness to compen- 
sate for wide spacing of frames, there is a great diversity of opinion. If 
it is safe to go by the experience of vessels already at sea, there does not 
appear to be any necessity ; for it is well known that in war vessels, and 
in a few merchant vessels which are not classed, the spacing very con- 
siderably exceeds what would be required by the registration societies, 
and that without causing any apparent weakness in the structure. The 
question resolves itself into what should be the maximum stress per 
square inch on the shell plating when subjected to compressive strains. If 
that point were settled it would be a matter of pure scientific investi- 
gation into the mftYininm hogging or sagging strains to which any vessel 
would be subjected in her working conditions ; the stress on the material 
could then be found, and the frames spaced accordingly. 

Another consideration in connection with the frames and their effect 
on the plating is that in which their relation to the shift of butts is of 
great importance. This subject was very fully dealt with in a valuable 
paper read before the Institution of Naval Architects in April, 1878, by 
W. H. White, Esq. (now Sir William). For the theoretical consideration 
of this point the writer cannot do better than refer those interested to that 
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paper, which will be found in the Transactions of the Institution, vol. xiv. 
Although written over twenty years ago, there is sufficient evidence in 
the construction of our present war vessels to indicate that its author has 
had no cause to change his opinion as to the desirability of adopting a 
wider spacing of frames ; and the opinion of our leading expert 'in naval 
construction should carry great weight. At the time it was written the 
plates in use were very short, and the shift of butts had to be carefully 
manoeuvred ; but at the present day, with the great convenience of 
machinery and the long plates which can be obtained, the shift of batts 
is much simplified, although it will always be a source of a certain 
amount of worry to the draughtsman who has to arrange them ; but a 
wider spacing of frames would be of no assistance in this respect. 

In another paper read before the Institution of Naval Architects, in 
March, 1891, by J. A. Yates, Esq., the influence of the water pressure 
on the skin plating and the effect of the frames was fully discussed, and 
for this also the writer would refer those interested to the paper, which 
will be found in vol. xxxii. of the Transactions, There is no doubt that 
the consideration of water pressure is of great importance, especially in 
merchant vessels of deep draught, and the theoretical investigations of 
Mr. Yates resulted in showing that the possible spacing of frames was 
pi'actically the same as that obtained for the ordinary framed ship in the 
present paper. From the discussion which followed that paper it would 
be inferred that the gentlemen who took part in it rather considered the 
spaciuj^ «^iven as being too close, but for the object of the present paper 
the results of Mr. Yates are sufficient to indicate its importance. 

There are other strains to which the frames are subjected which might 
be theoretically considered, such as the influence of loads placed on the 
deck, tending to crush the frames, and distort them at the bilges, or top and 
bottom stresses of the tank knees : and again the strain on the frames 
due to nuiking when the vessel is rolling ; but it would make this paper 
ti>o long to go into them, and as they are probably not of so much 
importance as those alretwly mentioned, the writer does not propose to 
consider them. 

Before leavini^ the subject it will be of advantage to draw attention 
to one or two more practic il considerations which are worthy of notice. 

The most important of these is the great saving in weight which 
would obviously be elfected if a wider spacing of frames than at present 
could be adopted with the same thicknesses of shell plating ; and not only 
the great saving in weight, but in labour also. If a spacing of 29 inches 
could be adopted in a vessel like that shown in Diagrams i. to vi. (Plates 
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X. and XIV.), a probable saving^ in weight of over 15 per cent, on the 
frames would not only reduce the first cost of the ship to a very great 
extent, but the shipowner would find the carrying capacity on the same 
draught very profitably increased. 

Apart from the saving in weight and labour there are such con- 
siderations to account for as the efficiency of the caulking if the frame 
spacing was increased, and the greater conveniences in working other 
material into the ship which would be obtained by such an increase. In 
support of these the writer can only refer to the actual results obtained in 
other vessels which have been built, particularly those of the Royal Navy. 

Summing up the results obtained, it is seen that, considering the 
frames as though they were subjected to concentrated loads— first, 
between two stringers ; second, on a stringer, provided the frame is not 
stressed beyond its safe limit of deflection, that is to say, if the load is 
just sufficient in each case to bend the frame within its limit of 
elasticity — the spacing of the frames, as far as they themselves are con- 
cerned, could very much exceed the spacing at present required by the 
registration societies to the extent of 3 or 4 inches in such a vessel as the 
one considered. The very great importance of the hold beams and the 
desirability of close spacing of bulkheads is also very prominent. The 
next result obtained shows that the pressure of the water itself on the 
frame is also very much below the safe limit of stress on the frame, and 
that therefore, as far as the frame itself is concerned, the water pressure 
is of no consequence. The water pressure is only of great importance 
when considered as acting on the shell plating in one frame space, as was 
shown in the paper of Mr. Yates referred to. The marked difference 
between the maximum stresses in the plating, when the vessel is under 
hogging or sagging strains, caused by a difference of 3 or 4 inches in the 
spacing of the frames, is interesting, this amounting in the vessel con- 
sidered to as much as 700 lbs. per square inch. The practical considera- 
tions are well enough known to all shipbuilders to make it an necessary 
to enumerate them here, and it is left to the meeting to decide whether 
the whole of the considerations, taken collectively, are in favour of a 
wider spacing of frames than admitted by the registration societies. 

Finally, considering the great strides which have been made in steel 
shipbmlding, and with the introduction into the industry of so many 
different types of vessels, it is unlikely that builders will continue to 
build vessels to hard and fast rules, but they are more likely to investigate 
the possible strains for each ship, and base the scantlings on the 
result of these calculations, particularly now that foreign competition is 
becoming so keen, and expenses have to be kept as low as possible. 
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APPENDIX. 



Fonnnla used in the following calculations : — 
Safe deflection = ^ = — => and d = 



48EI — 500 



length due to t^= L = y ^^—^^ = J 



'48EIrf 



», load = ,3 ; 

where E = modulus of elasticity, taken at 18,000 tons ; 
I = moment of inertia of the section (see table) ; 
W = weight in lbs. ; 
L = length in feet. 

System A. 

First — Position of load on frame between D, E, Fig. 1, Diagram 
viii. (Plate XIV.) :— 

Length of span, D — E = 4*5 feet = 54 inches, 

.-. ./ = ^ = -009, 

^ 48 X 13,000 X 2,240 x 117 x ~~AJ^ 
W = (4^x12)3 ^^^ 

= 112,166 lbs.; 
length of lower and middle stringers, between the water-tight bulkheads, 
is 94 feet, and for the lower stringer, 

«, 48 X 18,000 X 2,240 x 62 x ^^ ^ ^^ 

^= (94x12)3-- 500 

= 186 lbs. ; 
and for the middle stringer, 

^ 48 X 13,000 X 2,240 x 1,070 x ^^ ^ ^^ 
^ = (94 X 12)3 500 

= 2,850 lbs. : 
reaction at D and E, Fig. 2, Diagram vii. (Plate XIV.), due to load F, 

= n^ ^ 5g 088 lbs. 

Thus, the excess over the safe load, supposing the stringers were not 
supported at adjoining frames, but free for the entire length of 94 feet, 
would be quite beyond the strength of the stringer, as — 

D = 56,088 - 2,850 = 58,788 ; 

E = 56,088 - 186 = 55,947. 
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The length over which the middle stringer will act, aBsnining that i* is 
just capable of supporting its load of 56,088 lbs., to a deflection of — ^ 
without any support between, 

J ^ /12 X 13,0 00 X 2,240 X 1,070 

i^ =» V r25~x~66;080 ^ ^^' 

(1) = 19-8 feet. 

And for the lower stringer, 

J ^ a/ 12 X 18,000 X 2,240 x 62 ^ 
"^ ^ 125 X 56,080 • 

(2) = 4-68 feet. 

Maximum safe deflection for middle stringer, 

, 19-8 

'^ = 500- 

(8) = •0880. 

And for lower stringer, 

, 4-68 
500 
(4) = -0092. 

SeconiL — Position of load on frames N and P, between C-B, or equally 
on 1), E. (See Fig. 4, Diagram vii., Plate XIV.) 

Length of span = 1275. 

, 12-75 
a = • 

500 

(5) . . . . = -0255. 

^ _ 48 X 18,000 X 2,240 x 117 x ^^'I^-^^^ 
"" (12-75 X 12/ ^^^ 

(6) .... =13,980 lbs. 

Length of lower deck stringer between hold beams = 29 feet, and 

^ _ 48 X 18,000 X 2,240 x 9,884 X ^^ ^ ^^ 
^ - (29 X 12^ ^^^ 

(7) . . . . = 227,240. 

Maximum safe deflection for lower deck stringer, 

'^ = 500' 

(8) . . . . = -o.^a. 

DeHectiou ol stringer 1) at frame N or P, 

, 9-G5 - 2-08 ,,.^^^ 

'^ = —j'W- ^ '''^^ 

= -0802. 
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And of Btringer E at frame N or P, 

, 2-31 - 2-08 . .^^ 
^ = 2-31 "" '^^^^ 
= -0009, 
».«., a mean deflection of '0155 on N or P, for which the load is 

^ _ 48 X 13,000 X 2,240 x 117 X '0155 X 12 

(12-75 X 12)3 

= 8,430, 

which from (6) is a margin of 5,550 lbs. on the frames N and P, due to 

thtt load at F on 0. 

Third. — From Fig. 1, Diagram viii. (Plate XIV.), the load on D or 
E at frame = 56,088. 

Let resistance of stiinger D be called /, and the sum of the reactions 
of the frames, N, P, Q, R, etc., be called R. 

Then the load on D = W = 56,083, 
and W=/+R, 

W-R=/. 
To arrive at R, assume 

/^ 28,041, 
and that D will bend to the deflection of N, and P = '0255 (from 6) ; 
then the length over which the stringer should act will be 

L _ ' /48 X 18,000 X 2 ,246~x 1070 x -02 55 x 12 _^ .« 
V 28,040 

= 21-2, 
».«., a little over the ordinary even frame space, which is 20 feet 10 inches. 
But if there is a support at the extremities of this length of 21*2, there 
is a correction to make, for there are four frames between each end and 
the point F, and the values of the reactions of these frames to their several 
deflections will be as follows : — 

N = 6,990, 
M = 5,241, 
L = 3,495, 
K = 1,747, 



17,478, 
.-. R = 34,946. 
(Note. — The writer has here for simplicity neglected to take into 
account the fact that if the stringer were to bend until the frame N had 
reached its maximum safe deflection, its own deflection will be slightly 
more, and its equivalent load a little greater.) 
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Correcting the length to this, we get for D, 
W-R=/, 
66,088 - 34,946 =/, 

/= 21,187, 

then T, = a/ ^8^ 13,000 x 2,240 X 1,070 x '0255 x 12 ^ ^ 9 

^ 21,187 

= 23 feet 4 inches, 

Le.y instead of 20 feet 10 inches, we might with safety have 23 feet 

4 inches with the same number of frames. 

F<yarth. — In the case of the lower stringer, 

X _ aV ^S X 13,000 X 2,240 x 62 x '0255 x 12 ^,^ 
^ 28,040 

= 8*2 = about 4 frame spaces. 
Here there is only one frame bent which will be of the value of 6,990 lbs., 
viz., N, which is now at its safe limit of deflection. 
Then W - R =/, 
56,083 - 13,980 = 42,103 =/ 

__ .y 48 X 18,000 X 2,240 x 62 X '0255 x 12 . ,« 

-^ 42;i03 ^^* 

= 715; 

and this result is less than before, so that the frames, not having sufficient 

resistance, would exceed their safe deflection. This would probably be so 

if the sides were perpendicular, but the round of the bilge at this part 

more than compensates for this weakness. 

Fifth, — Position of load, concentrated on D, at frame 0, 

Length of span = 9*25, 

, _ 9-25 

•'• '^ " 500 

= -0185, 

^_48 X 13,000^ X 2,240 x 117 x ^'^^ ^ ^^ 

^ "" (9-25 x~T2)^ ^^^ 

= 26,546, 

R + / = 53,092 ; 
but in this case the reaction on the stringers C and E = 830 and 880 
respectively, and from (7) C = a fixed point, therefore E need only be 
considered in conjunction with D. Then for D, 

J ^ \/i^^ 13,000 X 2,240 xl7) 7()x '0185 x 12 ^ .g 
^ 26,546" " - . . 

(9) . . = 19-4, 

, 19'4 

^=500- 

(10) . . = 0388. 
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Reaction on stringer E = =;^ x 26,646 = 13,631, 

L = a/1^ X 18,000 X 2,240 x"'62 ^ 

126 X 18,861 • • 

(11) = 9-4, 

, 94 
^ = 600- 

(12) = -0188. 

Deflection of stringer D at N or P, 

d = n^zl^ X .0388 
9-7 

= -0304. 

And of stringer E at N or P, 

= l:Lr 2:08 , .0188 
4*7 

= -0104, 
i.B.y a mean deflection at N or P of *0204, to which the load is 

^ _48_x 13,000 x_2,240 xll7 x ' 0204 x 12 

(12-75 X 12)3 
= 11,180, 

which from (6) is a margin of 2,800 lbs. 

Sixth, — Again referring to Fig. 1, Diagram viii. (Plate XIV.) — 

/of stringer 1) = 26,546, 

R of frames = 26,546 ; 

and again assnming that D will bend to the deflection of N or P = 

•0265 from (5), 

L -. a/ 48 X 18,000 X 2,2 40 x 1,070 x ' 0256 x 12 ^ .^ 
^ 26,646 

= 21-6. 

Thus, as in the previous case, the length is a little above the original, 

and making the correction in the same way as before we have 

R = 84,946. 

Total, W = 26,646 + 26,540 = 53,092, 

53,092 - 34,946 = 18,146. 

j^ », a/ 48 X 13,000 X 2.240 x 1,070 x •()255"x~i2 ^ , 

18,146 

t>., instead of 20 feet 10 inches, we miglit have 24 feet 3 inches and the 
same number of frames with safety. In the case of the lower stringer, 

J _ aV ^8 X 13,000 X 2 240 x 62 x '0255 x 12^ ^.;> 

s= 13*1, or a little over 6 frame spaces, 
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in which the value of R would be 20,970. But the actual load is only 
13,631, and the value of /for E is 6,815 ; so that there is therefore more 
than twice as much strength aa is required, without counting on the 
assistance from the frames due to the form at the bilges. 

System B. 

First, — Position of load on between D and E, Fig. 2, Diagram viii. 
(Plate XIV.) :— 

Length of span = 5*5, 

, 5-5 
^=500 

=•011, 

W - i^_^- ^^'^^^ X 2,240 X 876^X ^'\^^^ 
~ (5-5 X 12)3 500 

= 562,184. 
The length of the stringers between the water-tight bulkheads is 
94 feet, and therefore for each one we have 

^ _ 48 X 13,000 X 2,240 x 386 x ^^ ^ ^^ 

^ " (9rx~T2)3 ^^^ 

= 848 lbs. 
Reaction at D and E, 

^ 562,184 

2 
= 281,092. 
The length over which the stringers D and E will act, assuming that 
they are just capable of supporting their respective loads of 281,092 lbs. to 

a deflection of - - without any support from the frames between, will be 

ouu 

L = /y/ l2 X 13,000 x 2,240 ITsse ^ ^ 

125 X 281,092 * 

(1) = 5-15, 

or about 2^ frame spaces ; and 

500 
(2) = -0103. 

Second — Position of load on frames N and P between and B, or 
equally on D, E. (See Fig. 0, Diagram vii., Plate XIV.) 

TiCngth of span = 1 5 feet, 

500 
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(8) = -08, 

X 18.000 X 2.240 x 876 x J^ 

500 



^ _ 48 X 18,000 X 2,240 x 876 x ^^ ^ ^^ 

(15 X 12)3 



(4) = 75,582. 

Third, — Position of load on D : — 

Length of span = 11 feet, 

500 
(5) = -022, 

^ ^ 48 X 18,000 X 2,240 x 876 x ^^ ^ ^^ 

(11 X i2f 
(6) = 140,270. 



9v3 500 



The total resistance to bending = 140,270 lbs. for the stringer 
+ 140,270 lbs. for the resistance of the frames = 280,540. Reaction at C 

and E due to the load on D = ilMI? = 70,135. 

2 ' 

For C and E therefore 

r .712 x~T8,000 X 2;240~>r386 . .^ 

^ = ^ 125 x"70,135 ^ ^^• 



(7) = 10-2, 

i.e.y about 5 frame spaces ; and for D, 



L = a/ ^2 X 13,000 X 2,240 x 886 ^ « 
^ 125 x 140,270 ~ • 

(8) = 7-25. 

The safe deflections for and E, 

, 10-2 

d = -TTT' 

500 

(9) = -0204, 

and for D, 

; 725 
500 

(10) .... =-0145. 

The safe load on between A and B, if not supported by the 
stringers C, I), E, 

48 X 18,000 X 2,240 x 876 x ^^'^ ^ ^'^ . 
W = (20>5x 12)» ^''^ 

(11) .... = 40,466. 

Fourth.^ /on stringer D = 140,270, 

„ „ E= 70,185, 

„ „ C = 70,185. 
VOL. xiv.-i8e& 10 
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If, as in System A, we assume that the stringers will bend to the safe 

20*5 
deflection of N and P = -^^ = '041, we have for the stringer D, 

J ^ aV 48 X 13,000 X 2,240 x 386 X 041 xT2 ^ ,^ 
^ 140,270 

= 10-3 feet, 

i,e,y about 5 frame spaces. As the extreme ends come beyond the 

frames, we may assume that the valae of the reaction of the frames is as 

follows : — 

P = 40,46(5 

a = 20,233 



60,699 : 
and the correction in the length becomes : — 
As W = R + /• 

= 140,270 + 140,270 
= 280,540, 
W = 280,540 — 121,398 
= 159,142 ; 

. j^ ^ a/ ^S X 13,000 X 2.240 x 386 x '041 x 1 2^ ^ 

159,142 
= 9-87 : 

and this result is less than before, which is impossible, practically. The 
figures are given, but the writer has only done so to show the impossi- 
bility of determining the actual distribution of the loads by calculation. 



DISCUSSION. 

Mr. Robert Thcwipson was sure they were all very much obliged to 
Mr. Camps for the able paper he had written. Its importance, to his 
mind, was that this wide spacing of frames given with certain vessels, 
showed that these calculations were being worked out by shipbuilders. 
There was an impression abroad that certain things were sent out with 
the idea of putting them through ; but he thought such Institutions as 
tliis, and the discussions they had, showed clearly that the various 
calculations necessary for the different strains that steamships were 
subject to were gone into carefully, and the relations of strength to these 
calculations were fullv considered. He had always been in favour of 
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wider spaced frames : they had one vessel nmning now with 30 inches 
instead of 28 inches, and she had never been oat of the Atlantic trade, 
summer and winter. He did not say whether she was approaching the 
form already spoken of, " getting from the ship to the box or the box to 
the ship again ;'' but in this case they had never had any complaint, and 
it seemed to him, in the midship of vessels, they could do with wider 
spaced frames, even if they closed the places aift and forward as was 
pointed out. They wanted a uniform ship fore and aft without any 
point being particularly rigid. When the strength was applied uniformly, 
it was astonishing what a ship would bear, and he was sure such a paper 
as Mr. Gamps had read showed, to his mind, the great advance in 
shipbuilding construction, because shipbuilders were often blamed for 
things with which they had nothing to do. They complained of ships 
not having sufficient water ballast. He thought shipbuilders had to build 
the ships as they were told, and make the best of it ; but the various 
questions that came before shipbuilders to-day, and which were discussed 
with the shipowners, were very much more numerous and important than 
they used to be ; but generally, when they got an order for a ship, she had 
to carry so much deadweight, and have so much cubic capacity, and had 
to run a certain speed. The owners' requirements had to be fulfilled, and 
anyone who took the trouble of reading this paper must be struck with its 
practical and scientific points, all tending to the advantage of the ship- 
owners. He agreed with the President, that they had this session a 
series of shipbuilding papers, which were not only a credit to the writers, 
but a credit to the Institution. 

Mr. G. Jones said the paper required some study in order to compare 
the statements with the tables. He thought the step proposed was in 
the right direction, and what the registration societies and all ship- 
builders required to do was not to go to extremes all at once, but to have 
a ship to stand the greatest strains, having regard to both weather and 
loading. Still he thought the tendency was to extend the frame spacing, 
and he thought papers of this sort ought to make some impression on 
the registration societies. There would, uo doubt, be some gentlemen 
present from Lloyd's who, he hoped, would work in this direction. Let 
them try to work with the registration societies in a way to secure 
economy with the best distribution of material. 

The discussion was adjourned and the meeting terminated. 



calcu 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Fourteenth Session, 1897-98. 



PROCEEDINGS. 



INSTITUTION DINNER. 

The Institation Dinner of the North-East Coast Institution of 
Engineers and Shipbuilders was held on the evening of Friday, February 
4th, 1898, in the Assembly Rooms, Westgate Road, Newcastle-upon-Tyne. 

There was a large and influential gathering. The chair was occupied 
by the President of the Institution (Col. H. F. Swan), the vice-chair by 
Mr. J. R. Fothergill (Chairman of the Dinner Committee), and amongst 
those present were the following : —Messrs. W. Boyd, Wigham Richard- 
son, and Robert Thompson, Past-Presidents ; the Mayor of Newcastle 
(Aid. T. B. Sanderson), the Mayor of Hartlepool (Mr. T. Mudd); 
Messrs. Henry Fownes, J. M. Rennoldson, and Prof. R. L. Weighton, 
Vice-Presidents ; Principal Gurney, Capt. Lin Kok Cheong and Captain 
Chen (Chinese Navy), Mr. H. J. Bendixen (supervising engineer to the 
Royal Norwegian Navy), Capt. M. Uchida and Mr. T. Merd (Japanese 
Navy), Mr. Janssen ; W. H. Dugdale, J. B. Fumeaux, J. H. Heck, 
S. Hunter, R. H. Muir, P. Phorson, C. Rennoldson, M. Sandison, 
W. G. Spence, J. Walker, and R. Wallis (Members of Council) ; 
Mr. G. Russell (President of the Institution of Engineers and Ship- 
builders in Scotland), Mr. L. W. Adamson, Mr. J. I). Wardale (President 
of the Students' Association of Civil Engineers), Messrs. J. Duckitt 
(Secretary), John Buhner, John Price, W. Swinburne, J. C. Nicholson, 
W. G. Reynolds, D. C. B3udon, J. M. Robson, C. H. Reynolds, 
E. Scott, A. G. Schaeffer, H. Quicke, H. E. Hollis, J. W Robson, 
W. P. Snowdon, J. Nixon, P. Graham, W. W. Maxwell, F. Lewins, 
G. E. Macarthy (Hon. Treasurer), D. Myies, J. W. Reed, J. D. Christie, 
R. A. Lewins, J. H. E. McLean, J. M. Allan, G. T. Duncan, 
J. Stewart, W. Swinney, P. H. Winstanley, H. MacColl, S. Harrison, 
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W. Mills, E. T. White, R. S. White, J. T. Batey, R. Christie, 
Gr. Amison, A. J. Harrison, T. Townes, J. Nodder, 0. Cairns, 
S. E. Hurndale, J. Houston, H. Chariton, W. Scott, C. H. Tate, 
J. S. Nicholson, R. Fletcher, J. Matthews, T. E. Smith, C. A. Bushell, 
J. Armit, J. S. Barr, H. W. Willcox, P. F. Willcox, D. N. Brims, 
C. Storey, Gr. J. Carter, E. J. Crosier, T. Metcalfe, H. Laing, 
L. Rusden, B. Morton, R. Fletcher, J. Tweedy, R. L. Gaine, 
A. Jenkins, R. Park, J. Bailey, C. J. Seaman, H. Ward, R. Philipson, 
A. Laing, A. E. Doxford, J. Reed, J. K. Sinton, T. Millar 
H. B. Rowell, J. Thompson, J. Knott, M. Dillon, L. Evans, R. Muir, 
G. F. Mulherion, and others. 

After the loyal toasts. 

The Rev. Principal Gurnby proposed "The Institution." In 
doing so he said it was indisputable that there were no industries more 
important for the welfare of this country than those of engineering and 
shipbuilding. If Great Britain was to maintain her eminent position 
among the nations, the quality of that work must be kept up. If the 
worid was to go to America for its engines and to Germany for its ships, 
it would be a bad day for this island. They had therefore every reason 
to heartily wish prosperity and success to their engineers and shipbuilders. 
They were very proud of the many able men that the North-Eastern 
district of England had produced. They rejoiced to find that the present 
generation were proving themselves worthy successors in the work of 
those honoured names who would ever live in the history of invention. 
They were met together upon a memorable occasion. The clouds which 
had darkened the horizon for so many months appeared to have dis- 
persed. They trusted that they were entering upon a long period of 
industrial peace and commercial prosperity. At the cost of veiy great 
sacrifices the engineers had rendered very great service to their country. 
They had taught the nation an important truth. They had disproved 
the false doctrine that labour and capital were necessarily antagonistic. 
They must work together for the common weal. They could only do their 
proper work when they were directed by the master minds. The rights 
of workmen had been fully recognised, but the duty had been asserted 
and accepted by both sides, that a man had not only a right, but that it 
was his duty to manage his own business in the way that he considered to 
be best. They were proud to believe that the workmen of this country 
wei'e the finest in the world, but for ihem to do less than their best was 
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unworthy and was immoral. Such a policy could only lead to ruin and 
disaster in these days of fierce competition in every country of the world. 
Foreign nations had, to a certain extent, anticipated this country in 
recc^ising the very close connection which existed between education 
and commercial success. The importance of this question, however, was 
now being recognised in this country not only by educational experts and 
enthusiasts, but by practical and shrewd men of business. He alluded to 
the chair of naval architecture at the local College of Science, which was 
so ably filled by Prof. Weighton. He mentioned that although their 
Institution was one of the youngest engineering institutions in this 
country it now numbered about 1,020 members. A most valuable work 
had been done by it in advancing the knowledge of the principles and the 
practice of their art. He coupled with the toast the name of Colonel 
Swan, their President — a gentleman who had for many years presided 
with conspicuous ability and remarkable success over a very important 
branah of the work of the great Armstrong firm. 

The President (Colonel H. F. Swan), in responding, said they had 
seen that Institution grow from very small beginnings to be recognised 
as one of the most important in the kingdom. The educational work 
which it had been doing for a great many years had been of the greatest 
benefit to that district. If one went back to the time, say when he 
commenced shipbuilding, the scientific part of shipbuilding was very 
little understood, but nowadays it would be the exception for any ship- 
yard of importance not to have a most important scientific staff, and 
even the junior draughtsmen were well acquainted with the scientific 
rules relating to the business in which they were engaged. This had 
been of immense importance to this district. Now they saw turned out 
from shipyards on the North-East Coast vessels of all descriptions. 
There was nothing too important for them to deal with in local ship- 
yards. This had only been attained by applying in a practical manner 
the scientific training that was being diffused amongst the staffs of the 
leading manufacturers in the district. It had been remarked that their 
Institution had already grown to have more than 1,000 members, and it 
was a matter of great pride to him that this had happened during his 
term of office. He could only hope that the Institution would go on 
and prosper, and that they might see its membership doubled before 
many years longer. There was no reason why this should not be. Trade 
was growing every day, and they were seeing new developments and 
extensions of industries in all departments. He feared that their 
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connection with those scientific institutions was not altogether unselfish. 
To a certain extent they looked upon those institutions as a means to an 
end. That was to bring to bear in their daily avocations the scientific 
truths that they learned from those institutions, and so extend their 
operations and induce business, which he need not say was the object of 
their calling in that district, and, in fact, he might say in all districts. 

Mr. W. Boyd gave " Kindred Institutions," coupled with the name 
of the President of The Institution of Engineers and Shipbuilders in 
Scotland (Mr. G. Russell), and after some preliminary remarks, added the 
rules of their Institution debarred discussion or special reference to trade 
questions ; but he could not help observing that recent events in connec- 
tion with the dispute in the engineering trade, which was now happily 
ended, had been the means of promoting mutual confidence and goodwill 
between employers engaged in engineering work in various parts of the 
country, which he thought would be found to be for the benefit of the 
country at large. 

Mr. George Russell, who was warmly received, responded. He 
urged that these "Kindred Institutions" were of great value to each 
other by interchange of transactions, as in any one of the institutions 
each individual member had the benefit of the experience of the other 
members who took part in the proceedings, so each institution had, in 
exchange for their own transactions, those of other institutions through- 
out the world, which were of exceeding interest and value to all their 
members. He thought that the bond between the various institutions 
would be rendered closer if they visited each other's districts and held 
joint meetings ; and remarked as a peculiar coincidence that the member- 
ship of the North-East Coast Institution was at present exactly the same 
as that of The Institution of Engineers and Shipbuilders in Scotland. 

The Mayor of Hartlepool (Mr. T. Mudd) proposed *' Success to 
the Trade of the North-East Coast." Speaking of the recent engineering 
dispute, he said that at the beginning of the trouble someone remarked 
that the employers were in the position of a man who was told by his 
physician that he must either go through an important surgical operation 
or succumb. He thought they might to-day feel that the patient had 
safely passed through the operation, and that the wound was healed. He 
thought they would agree that the North-East Coast, and more especially 
the city of Newcastle, should be proud of the great and just and humane 
Colonel who had done so much to conduct the patient safely through the 
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operation. He said humane, because he sincerely believed that the 
charter of freedom which had been established was quite as much a 
charter of freedom for the worker as it was a charter of freedom for the 
employer. He coupled with the toast the name of his esteemed friend, 
Mr. L. W. Adamson. 

Mr. L. W. Adamson responded. He said that although his know- 
ledge of the trade of the North-East Coast was small as compared with 
some of those he saw around him, yet, at the same time, he had gone 
through stem experience. Like others connected with trade, he had 
seen many ups and downs. He remembered that they were hopelessly 
beaten in 1872. He had lived to see the climax, he would not say 
when trade had been victorious, but to a certain extent he had seen 
the verdict of 1872 reversed. The great difficulty he had found in 
all matters connected with trade was to make masters and men fully 
and effectually believe that their interests were common and united. 
" United they stood, divided they fell." It was the old problem of the 
** belly and its members." Which was the belly and which the members, 
he was not going to say. He knew this, that a great many people had 
not much stomach for the fight when it began, and he thought they had 
gone through recent experience good natnredly, good temperedly, and 
with mutual good feeling creditable alike to both parties. It was 
a difference of opinion which practically had got to sdch a height 
that there was nothing for it but to stand to their guns and see what 
would come of it. It had been an educational process to masters and 
men, and all must feel that the true way of success for trade was 
that all should believe in all productive energies being brought to bear 
to a common end. There was no chance whatever of their being able 
to maintain their ground against the constant aggressive attitude which 
trades abroad were adopting, unless they with heart and hand all united 
to a common end to maintain the supremacy of old England, as being 
the best manufacturing country in the whole world. He believed they 
had the men. He knew they had the money ; but they might rest 
quite assured that money would not be embarked in trade in that or 
any other district in which there was not harmony in all the parties 
joined together to produce this common end. When he came to that 
district there was a large glass trade. He was not prepared to say why 
that trade had failed ; but if they asked for the ci^mmoditics which used 
to be produced broadcast on that river in the glass line they failed to 
find any, or scarcely any. The chain trade, of which there were those 
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about him who knew well that there were eight or ten leading firms on 
the river, now practically with one exception — the firm he had the 
honour to represent — was nob followed by a single other firm in the 
district. It was the fact that other people had learned to do the things 
which they did and do. By science and co-operation they had managed 
to oust their trade in a great many markets of the world. There was one 
compensation. They could safely say they had got that new trade, the 
scientific trade which had cropped up on that river, and which had 
almost overwhelmed the whole of the other trades of the district. He 
spoke particularly of the great firm of Armstrong, Whitworth, & Com- 
pany. He believed he spoke without exaggeration when he said 
that by their works they practically maintained a population of 100,000 
people. This was due, in the first instance, largely to the inventive 
genius of one or two men, and the world was now covered with their 
products. He fervently prayed that this great peace which had now 
fallen to them might be of long continuance. The orders, he hoped, 
would come back, and once more they might hear the hammers clanging 
in all the works in the district. His fervent prayer and that of all 
present should always be, "Give peace in our time, Lord." 

Mr. Robert Thompson (Sunderland) proposed ** Our Guests." 

The Mayor of Newcastle, in responding, said the prosperity of 
Newcastle was, in a great degree, dependent upon the prosperity of the 
engineering and shipbuilding works represented at that gathering, notably 
with the great works of Armstrong & Co. Its prosperity was also closely 
identified with the trade of the port of the Tyne. Under the Tyne Im- 
provement Commissioners the river had been made one of the finest and 
safest ports in the country. During the past year over 18 million tons 
of coal had been shipped from the Tyne, and the port had been used by 
vessels representing over eight million register tons. Newcastle Corpora- 
tion had expended over a quarter of a million in rebuilding the quay wall 
and other works connected with the port ; and if the present trade was to 
be retained and new trade attracted the Corporation must very quickly 
enter upon a further large outlay. Efforts were being made by other ports 
on the East Coast to divert Continental trade from Newcastle and the 
Tyne, and the latest instance was in connection with the Norwegian trade. 
It was stated that the Norwegian Commissioners had recommended that 
the mail service and other trades should be transferred from the Tyne to 
Grimsby. It was possible that some of the facilities for trade at Grimsby 
were more modern than on the Tyne, but there could be no question about 
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the very great advantage which the Tyne held over Grimsby and other 
ports on the East Coast in being available for large vessels at all hours, 
independent of the state of the tide. For mail and tourist traffic it was of 
the utmost importance to be able to advertise a definitely fixed hour of 
departure all the year round, and that could be done on the Tyne and at 
Newcastle. In June last year the Quayside Committee of Newcastle 
Corporation requested Mr. Laws, City Engineer, to report upon the best 
means of improving the facilities for trade at the quay, and after visiting 
several Continental ports, Mr. Laws, in October, presented to the com- 
mittee a report containing proposals which, if carried out, would greatly 
improve the facilities for trade, and in fact, make the quay in every way 
admirably suited for the quick dispatch of business. A copy of Mr. 
Laws's report had been sent to each member of the Council, and if the 
shipping agents and merchants obtained copies of the report and the 
plans attached to it, he was sure they would admit that Mr. Laws had dealt 
with the needs of trade in an admirable way. It only remained for the 
Quayside Committee to promptly come to a decision upon the report in 
order that the subject might be submitted to the Council and sanction 
obtained for carrying out the works. 

The President proposed the toast of the " Dinner Committee," and 
congratulated the members of the committee on the success of the enter- 
tainment. 

Mr. J. R. FoTHERGiLL (Chairman of the Committee) responded. He 
thanked the members and friends for their support, and expressed a hope 
that the dinner would now become an annual function of the Institution 

The proceedings afterwards terminated. 



The following gentlemen were appointed by the Council to carry out 
the arrangements : — 

Dinner Committee. 

Mr. J. R. FoTHBBOiLL, Chairman. 
Mr. RoBBBT Thompbon. Mr. A. G. Schabffbb. 

Mr. Hbnby Fownbs. Mr. John Duckitt, Secretary. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 

Fourteenth Session, 1897-98. 



PROCEEDINGS. 



FOURTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE MARINE SCHOOL, SOUTH SHIELDS. 
ON FRIDAY EVENING, FEBRUARY 18th, 1898. 



Col. HENRY F. SWAN, J. P., Pbbsidbnt, in thb Chaib. 



The Secretary read the minutes of the last General Meeting, held 
in West Hartlepool, on January 15th, which were approved by the 
members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. G. H. Innes and H. E. J. Camps to examine the 
voting papers, and the following gentlemen were declared elected: — 

MEMBERS. 

Grey, Charles, Mechanical Engineer, 17> Lovaine Crescent, Newcastle-upon-Tyne. 

Higgins, C. F., Electrical Engineer, c/o Messrs. T. Richardson k Sons, Ltd., 
Hartlepool. 

Ives, Bernard, Ship Draughtsman, c/o Messrs. C. S. Swan & Hunter, Wallsend- 
on-Tyne. 

Jennings, Frederick, Engineer Draughtsman, 64, Second Avenue, Heaton, 
Newcastle-upon-Tyne. 

Johson, Robert, Jun., Shipbuilder, Clifton Avenue, West Hartlepool. 

Maodonald, Charles, Marine Surveyor, 4, St. Nicholas' Buildings, Newcastle- 
upon-Tyne. 

Moorsom, Frederick, Ship Draughtsman, Victoria Road, West Hartlepool. 

Morton, David L., Shipbuilder, 126, Aureliau Terrace, South Shields. 

Taylor, J. W. H. Maxwell, Engineer Draughtsman, 5, East Parade, Newcastle- 
upon-Tyne. 

Thompson, Charles Henry, Ship Draughtsman, 86, Carlton Street, West 
filartlepooL 
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Thornton, Thomas Lee, Superintendent Marine £ngineer, 4&, Northcote Street, 

Newcastle-upon-Tyne. 
Trechmann, J. £., Superintendent Marine Engineer, c/o Messrs. Otto Trechmanu, 

Ltd., West Hartlepool. 
Wilson, Alfred C, B.Sc, Marine Engine Draughtsman, 1, Bank Terrace, 

Wallsend-on-Tyne. 
Wright, William Charles, Engineer, Sam Sew Rice Milb, Sam Sew, via Bangkok, 

Siam. 

QRADUATES TO MEMBERS. 
Baker, E. F., Assistant Engineer, H.M.S. '* Majestic." 

Dobson, Henry James, Shipbuilder, c/o Messrs. William Dobson & Co., New- 
castle-upon-Tyne. 

ASSOCUTE. 
Neilsen, Hans Christian, Shipowner, 12, Cliff Terrace, Hartlepool. 

GRADUATES. 

Dalziel, E., Apprentice Engineer, 97, Sandyford Road, Newcastle-upon-Tyne. 

Fox, Carter, Draughtsman, 7, Coxon Street, Sunderland. 

Harden, 6. F. St. Clair, Apprentice Engineer, 6, Larkspur Terrace, Jesmond, 
Newcastle-upon-Tyne. 

Hunter, Qeorge Ernest, Ship Draughtsman, The Willows, Jesmond, Newcastle- 
upon-Tyne. 

Milne, George Murray, Apprentice Ship Draughtsman, 17, East Percy Street, 
North Shields. 

Nixon, John Robert, Apprentice Engineer, 4, Bath Terrace, Blyth. 

Pescod, Joseph Hind, Ship Draughtsman, 1, Railway Street, Jarrow-on-Tyne. 

Potts, Joseph, Apprentice Engineer, 14, Moreland Street, West Hartlepool. 

Ruhaak, G. H. Miiller, Apprentice Engineer, 2, Bolton Terrace, Newcastle- 
upon-Tyne. 

Sanderson, Thomas H., Apprentice Engineering Draughtsman, 31, Park Road, 
Jarrow-on-Tvne. 

Wadd, Herbert W. F., Engineer, 5, Eldon Place, Newcastle-upon-Tyne. 



Mr. Archibald Hogg replied to the discussion on his paper on 
"The Comparison and Construction of Ships' Lines." 

The discussion on Mr. C. H. Innes's paper on "The Centrifugal 
Pump aud Fan " was resumed and closed. 

The discussion on Mr. Archibald McGrlashan*s paper on "Water 
Ballasting of Steamers " was resumed and closed. 

Mr. T. Messenger read a paper on " An Instrument for Gauging 
the Circularity of Boiler Furnaces and Cylinders, and Producing a 



Diagram. 



»» 
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MR. ARCHIBALD HOGG'S REPLY TO THE DISCUSSION ON 
HIS PAPER ON *THE COMPARISON AND CONSTRUC- 
TION OF SHIPS' LINES." 

Mr. A. Hogg, in reply to the discussion on his paper, said the paper 
was written to explain a method of comparing the proportions and the 
construction of the ships' lines. Diagram B (Plate I.) was specially used 
at the early stage when arranging the dimensions ; for this purpose it was 
sufficient to consider the mean of the ends, because the new ship was 
based on the performance of known ships, and hence if they got the same 
mean they could always get the same ends as in the type ship. If the 
position of centre of buoyancy was written beside the spot " in terms of 
the length," it would rather complicate the diagram, especially seeing 
that the figure in many cases would be somewhat similar to that of the 
draught, which was already noted there, together with the ship's number. 
It might be better, perhaps, if desired to indicate the ends, to note the 
figure for correcting the cylindrical coeflBcient, as this would enable the 
designer to get the actual block angle of entrance. If separate sheets 
were used for each type, this would get over any difficulty about the 
draught : the error in each type was hardly measurable. The speed esti- 
mator would find Diagram B of use to tell him at once the best ships 
to base the new proposal on. Dr. Kirk's block distorted the proportions. 
Take a full cargo ship of 7 beams having an actual draught of *48 
beams and a mid area coefficient of *97. The section of this ship would 
probably have nearly vertical sides and the bottom slightly inclined from 
the horizontal with a sharp bilge. The nearest rectangle which would 
approach this form and enclose the same area was one having the same 
breadth but a lesser depth, as was done by the new block, which in the 
above case would show a ship of 7 beams having a draught of *466 beam, 
Dr. Kirk's block would indicate a ship of 7*22 beams and a draught of *48 
beam. If the coefficient had been *8, the vessel's side, being vertical, the 
proposed block would represent a ship of 7 beams and draught of '384 
beam, while Dr. Kirk's would show one of 8*75 beams and draught of '48 
beam. The important point was the proportion of mean beam to length. 
The wet surface was not taken from the new block suggested by the writer, 
but from a diagram of curves, as was explained in the paper. The angle 
of entrance was taken in '^ beams," as this gave the best idea of fineness, 
a full ship's entrance might be one, while that of a fine ship might be 
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three or four beams. When arranging the proportions of a ship, the 
block used should represent the ship as it was over the curved surface, or 
lines proper, when they used the perpendicular length, as in the case of a 
warship, they were looking at the length of entrance as being, say, 2J 
beams, when in reality it would probably be 3^ beams, and thus they might 
easily say two ships were different, when they were in reality alike. He 
had prepared a sketch (Diagram H, Plate XV.) with the fore body 
stations for two vessels, like those on Diagram C (Plate II.). Both 
were drawn on the same basis. It would be seen that the difference 
was such as was indicated by Diagram C. The displacement was distri- 
buted, vertically, in such a way as to make the ship narrower and deeper 
all fore and aft. Thus, to make a block represent the ship shown 
in dotted lines, the block beam must be something less than the breadth 
of the ship on L.W.L. If the draught and mid area were alike, it did 
not follow that the mean beam must be also alike ; if it were so, then 
a triangular section would have equal value with a rectangular one. 
Regarding the area curve, the writer remarked that all vessels ought to 
have the same character of curve, etc. This curve "must" be a 
hollow one in a vessel having the lowest possible cylindrical coefficient, 
but it could be either hollow, straight or round in the fuller ships ; 
between these extremes the curves ought to graduate from the hollow, 
straight or round in the full ships, to the hollow in the finer ships. Unless 
the area curve was specially drawn they had no guarantee that they were 
following the same character of curve. For this reason it was good to 
have ready a standard set of approved curves. Any standard was of use 
if it gave a curve enclosing the required area, which could be modified to 
the same extent for every ship. The offsets in the tables were given so 
that this could be quickly done and easily measured at any part of the curve. 
The writer had carefnlly examined the curves shown by Mr. Robert 
Thompson, and thought that they bore out what was said in the paper. 
The four curves were drawn on Diagram M (Plate XV.), having a common 
end and centre line. The No. 4 curves were drawn in Diagram K (Plate 
XV.), placed so that the shoulders of the curves occupied the same line. 
The extreme ends of the No. 1 curves were drawn in Diagram L (Plate 
XV.). The writer's curves were designed to give what he considered the 
limit fineness of ends and fulness of midship body; many ships, of most 
types, had been built from these curves, and had been shapely and success- 
ful in every way. Every ship had a fair area curve, which curve was the 
basis of the whole design ; but it was not the general practice to start the 
lines by considering directly the area curve, any system which did so must 
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be applicable to all designs. Some experience was required to thoroaghly 
understand the ship's lines under any circumstances, but having the area 
curve, it became a comparatively easy task to sketch the stations. The 
advantage of using tracing paper to check the areas was, that at the first 
trial, if the two parts did not agree, the difference was easily seen, and 
assisted in resketching the station. A draughtsman could sketch one in a 
few minutes — say three — and it would take about half an hour to sketch 
all the stations in the body plan. Of course, a line plan, drawn by an 
inexperienced man, would have defects which would not be there if drawn 
by an experienced man. The proportions of entrance and run, and the 
character of curve, should be considered whilst designing the sectional 
area or mean water-line curve. It was an advantage to know that when 
this one curve was drawn the basis of the lines was designed, and that 
when the line plan was finished they were bound to have the required 
displacement and centre of buoyancy. Regarding the midarea coefficient, 
the writer used a certain coefficient for each ship ; but it might sometimes 
have to be modified to suit Lloyd's grade, no matter what system was 
used, this ought to be looked to. He (Mr. Hogg) would again draw atten- 
tion to the block coefficient. To guess what this might be from looking 
at a ship was by no means reliable. The fore end might be fuller than 
the aft ; it might be '82 forward and '77 aft ; besides, V-shaped stations 
always made the model look as having a finer coefficient than it had. In 
comparing models, the water-line of a beamy ship having a small coeffi- 
cient would look as fine as that of a narrower ship having the same 
coefficient, while in reality the one might be 20 degrees and the other 
as low as 15 degrees. In conclusion, the writer wished to thank those 
gentlemen who had so kindly discussed and criticised this method of 
treating an old subject. 

The President said it would be their pleasure to convey to Mr. Hogg 
the thanks of the meeting for this very interesting paper, which, he was 
sure, they would all find of very great use. 

This was accorded by acclamation. 
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ADJOURNED DISCUSSION ON MR. C. H. INNES'S PAPER 
ON "THE CENTRIFUaAL PUMP AND FAN." 

Mr. T. Pollard, in concluding the discussion on Mr. Innes's paper, 
said the paper was really too good for discussion, and Mr. Innes was the 
only authority upon the subject. He should like to know, however, 
whether the given formuleB relative to pipe bends on pages 45 and 46 
could be relied upon. He should say they could not with any degree of 
accuracy. He should also like to know the best curve for the fan. 
All the makers said theirs was the best — and they appeared to use the 
same curve for pump case ; but the only way to decide would be to test 
each impeller with the same engine, and see which gave the greatest 
discharge with the same I.H.P. or relative to I.H.P. Again, in 
designing the pump case, instead of making the perfect spiral, the 
metal should be set back when approaching the discharge orifice to 
avoid vibration, otherwise the water being discharged so near the 
impeller is throttled, and tends to set up vibration in the pump and loss 
of power. 

Mr. C. H. Innes, replying to the discussion, said in regard to what 
Mr. Duncan had said in the first trial of the Tangye pump, the weight of 
water was assumed to be 62 J lbs. per cubic foot, but as the weight of a 
cubic foot of salt water is 64 lbs., the difference is only 2 per cent., and 
as the efficiencies are all less than 50 per cent, it would affect these 1 per 
cent. A second trial was made on January 15th,* and as, unfortunately, 
the sample of the fluid that passed through the pump did not reach the 
Rutherford College owing to an accident, the density was taken as 64, so 
that every allowance might be made for the pump. The calculations 
were not made for the pump alone, but for the pump and piping. In the 
second trial, a glass pipe was placed on the discharge pipe, but the tide 
soon fell below its level, so that it was of no service. The reason for 
making the second experiment was that it was discovered after the trial that 
the pump had been started without the ejector having been used ; as he 
(Mr. Innes) was not in the engine room at the start he naturally concluded 
that it had been used, until it became necessary, after Mr. Duncan's 
question, to enquire into the matter. There was, therefore, probably a 

* See Table XII., page 136. 
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little air in the pipe, but as a cock had been placed on the discharge pipe, 
and, as this had been opened before the trial, the quantity was not large. 
This air would not, under these circumstances, affect the theory of the 
subject, as it would by the centrifugal force of the water be driven into 
the discharge pipe, and merely reduce the efficiency by increasing its 
resistance. In the second trial, not the smallest quantity of air could 
remain in the discharge pipe or pump, as the cock to which the glass 
tube was fitted was kept open as long as the glass tube contained any 
water, and the ejector was also used, although there was under the 
circumstances no necessity for so doing. The friction of the engine was 
taken by running the engine unloaded at speeds varying between 122 
and 185 revolutions. This slightly under-estimated the friction, but not 
to any very great extent. As an example of this take Mr. Weighton's 
trials of the quadruple expansion experimental engine, at The Durham 
College of Science. Here the difference between I.H.P. and B.H.P. at 
full load was — 

188-45 - 168-93 = 19*52, 
and when the I.H.P. was reduced to 59-74, the loss was — 

59-74 - 44-56 = 15-18. 
The diagrams of B.H.P. and I.H.P. show that they were connected by a 
linear equation, which is — 

B.H.P. = -964 I.H.P. - 13-2, 
so that the I.H.P. of the engines when running light would be 13-7, and 
this divided by the F.H.P. at full load is -71. However, to be on the 
safe side, a fresh series of efficiency calculations have been made for the 
first trial, and in these it is assumed that the weight per cubic foot was 
64, that the head was under-estimated by 6 inches— a manifest impos- 
sibility — and the friction half as much again. The efficiency in no case 
is increased by more than 3 per cent. The engines and pumps were set 
in line about two years before the experiment. The head was measured 
on the two dock scales, outside and inside the gates which measure feet 
above the sill, and in addition a pole on the end of which 12 inches were 
painted in alternate white and black bands was held by an assistant 
against the outer post, so that inches could be accurately measured. The 
motion inside the dock was absolutely nothing, and so smooth was the 
water that the figures on the scale were reflected. On the outside, on 
March 13th, the motion of the water was never more than 4 inches, and 
on January 15th about 2 inches. On the former occasion there was a 
light air from the other side of the river, and on the latter what little air 
there was, was down stream. In the first trial the leakage was not 
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measured, as there was absolutely no necessity to do so. Great care was 
taken in closing the gates on both occasions to minimise leakage, which, 
if anything, was a little larger on the second occasion than on the first. 
On January 16th it was measured in the following manner : — There are 
four channels running parallel to the keel blocks and on either side of 
them, meeting in a transverse channel which leads to the pumps. In 
each of these four, three experiments were made, and the highest results 
used for calculation, because the object was to show how exceedingly 
small was the leakage and to place beyond doubt the statement that he 
had already made that the leakage could be neglected in comparison with 
the large volumes pumped ; it amounted to a shade more than half a 
cubic foot per second, which compared with 30,000 in eight minutes is 
less than 1 per cent. The experiments were made thus : a small piece 
of wood was timed between two points 12 feet apart ; it was, of course, 
given a flying start, and in each case it kept in mid stream ; the depth 
and breadth of the water was taken at three points in the 12 feet, the 
depth being taken at the middle of each section. The following table 
gives the figures of the best of the three experiments in each case : — 

Leakage Expbbimbnts, January 15th, 1898. 



Mean Breadth 

of OhanneL 

Inches. 


Depth. 
Inch. 


Velocity 

per Second 

in Feet. 


Cubic Feet 

per 

Second. 


18J ... 


• » • g ■ • • 


a 


9*85 


18 


• • • 4 • • • 


1-71 


... 6-4 


18J ... 


■ t • 7 • • • 


. . . X'O . . . 


... 8-32 


I9i 


• • • ^M ■ • ■ 


... 1*0 ... 


... 603 



This amounts to 30*6 cubic feet per minute. 

In the calculation of the theoretical efficiency rjc in the second trial 
on January 15th (see Table XII.), the part of the loss of head due to the 
square of the velocity was found by multiplying that square by '056 
instead of '07 in the calculations for the first trial. This slightly lower 
value being due to the absence of air in the pipe. 

In reply to Mr. Pollard, none of the formulae for surface friction of 
piping can be relied on, because the condition of the surface may vary 
considerably, but there was very little doubt that water friction varied as 
the square of the velocity, and that was all that was assumed in the 
calculations on the Wallseud trials. There were many curves for the 
vanes of the fan, which would give excellent results, because so long as 
there was no sudden change of velocity, and direction of motion no loss 
of energy would take pliice. In a pump, any vane whose discharge angle 
lay between 15 degs. and 90 degs. should give good results if inflow 
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took place wiihont ahod^ and the cazraoire of zbe vane tus ncc vx kjxtz 
at any point, always provided that the vciase and dxSiaa 7er» pripi^j 
proportioned. 

In a fim a fonraid direction at diacfaarge waa adT^nsa^jOR v^Aiiiift 
a high manometiic power was obcained : also che pi^^Iiar vjrsa:ncxii'.ri -J 
the Bateau vanes was advantageous, hecaose the air vais ZAJUit, Tr.r^r.ti 'c^, 
bend from die eye to diadiaige, whereas in most fans :z ta^i v. r^* ."-j:.'ji 
this comer as best it could. The mechod of conscnKci::^ '.ca>e 'u.rA. 
which had already been descnbed, could te znodlned to «niz v.j ^rL^-rft "/ 
inflow and outflow, and this would without douhc zit-^ :ce •>«& : -,rr.-. '-.f 
vane. The most condnsive m^od of testing the r^riatl/^ ■i5.r::r^r.r..-=A -.f 
fans or pumps would be to drive th^m in torn \>j 4n ^z^.tjk. vr.r/je :'.•*. x. -,r. 
at any power or speed vras known. Each ahocM he :rus«i^ x w^r'A: v. : .e 
orifice for which it was designed, and zL^ ratio of naef::! hr^r^e-r/.T.::; -/> 
shaft horse-power would give their rrliCive v^I-iy*. 

In designing the pump case he 'Mr. Inr.^*; rxr/A ion iCiT^ift i»l:r. Mr. 
Pollard that the metal should be sec rjack at zif: or>rr-T.«^r.^:^!r.f:r.* of :.:.•=• 
spiral of the volute, but the tongue of metal croswir.:/ ic.^, 'i;*:i.>er :r. f'i:'. 1 
(Plate VII.) would be better omitc*:d, aa it would prod:;'^; f:dri>;5. ar/i I'yy* 
of power. 

The Presibest asked those present to an:.hor:.% him to conv^rj to 
Mr. Innes their hearty thank for his hifrhlj •^:>:n::fic pf»r/:r, %hi^:\i mrj-jt 
have cost him an immense d^l of time and thoa^h: to <£':i tocreth'T. If f; 
was rare thev were all verv preatlv obIicr^:<i to him for enablinjr th^.rn to 
put this upon the records of the Inxtitation. 

This proposal was a^lopted by acclamation. 
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ADJOURNED DISCUSSION ON MR. ARCHIBALD McGLASHAN'S 
PAPER ON "WATER BALLASTING OF STEAMERS. 

Mr. R. H. MuiR thought Mr. McGlashan well deserved the thanks of 
the Institution for his paper. It was useful and thoroughly practical. 
The idea of fitting side tanks or inner skin into a steamer was, of 
course, nothing new in Admiralty work ; but he dared say it was quite 
new in ordinary cargo steamers. Of course, tanks had been fitted into 
the sides of steamers for carrying oil fuel, and they had the feeling that 
when full it eased the roll of ships and helped them in many ways. Mr. 
McGlashan began his paper by summarising the difficulties to be got 
over in ordinary cargo steamers in ballast trim, and they could not 
minimise their importance. Previous speakers had referred to these at 
the last meeting in West Hartlepool, and he need not recapitulate except 
to mention a coincidence, the question now being discussed by this 
technical Institution had been brought before the notice of the House of 
Lords by a noble lord pointing out the serious dangers vessels of this 
class were liable to and moving a resolution, "That an instruction be 
issued to the surveyors of the Board of Trade authorising them to detain 
any vessel leaving a British port, unless her propeller was two-thirds 
immersed." Nothing definite resulted, still it went to show the subject 
was having consideration in many quarters. A good deal had been said 
about the difficulties there were in fitting these tanks, and it was 
surrounded with details ; but surely there was enough of ingenuity in 
shipbuilders and engineers to get over these. The most important point 
was the depth of tank from ship^s side. He would make it as deep as 
possible, in a ship of the dimensions given, viz., 51 feet beam, say 8 feet, 
and make the inner skin a vertical line from deck to tank top. The 
reduction of capacity may be more apparent than real, still it may be ad- 
mitted for some cargoes it would be a deduction, that was the commercial 
question. Well, " you cannot eat your cake and have it too." Against 
the loss of cargo space they were getting improved construction of the 
steamer, they were getting an easy roll, they were getting the centre 
of gravity higher, they were getting the propeller immersed, and in every 
way benefiting the vessel, so that he thought the idea of fitting these 
side tanks would be a thing of the future. There were other points Mr. 
McGlashan referred to, such as the fitting of deck tanks. He (Mr. Muir) 
thought in fitting deck tanks they did a great service to the steamer in 
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lifting the weight as far as possible, and in ordinary cargo steamers if they 
could fit some 80 or 40 tons of fresh water on the top deck by extending 
the engine and boiler casings a few feet at each end, usually they had 
plenty of space to do it, it would be found very convenient, besides 
increasing the hold capacity. These tanks were built especially in cattle 
carrying boats. They could be kept filled by filtering water from the sea. 
Another idea was to lengthen the hatch coamings on the top deck over 
the deck plating. On several ships built recently under his own super- 
vision they had increased the coamings considerably beyond the ends of 
the hatchway. These spaces formed stores for cargo chains, etc., thus 
collecting heavy weights in suitable places ; a like arrangement might be 
made to carry water. These were only some ideas that might be improved 
upon. He welcomed the paper, and had great pleasure in adding his 
testimony to its great value. 

Mr. J. T. Batby thought the paper read by Mr. McGlashan at their 
last meeting in Hartlepool, was certainly one that treated upon a subject 
which was at the present time occupying the minds of shipowners, under- 
writers, shipbuilders, and engineers. The shipowner found that he 
was often compelled to send his vessel across the ocean in ballast in order 
to secure a cargo, and very often he had to send his vessel from a dis- 
charging port to a loading port, and, as frequently happened, in making 
the change of ports, say, from the Continent to the Bristol Channel or 
the North-East Coast ports, the vessels were delayed by stormy weather, 
against which the ships could not make headway, owing to their being so 
lightly immersed in the water, and having such a large proportion of the 
hull exposed to the wind. In consequence, vessels were delayed which, 
of course, was a source of loss to the owner, and the broad, shallow 
draught steamers which were being built at the present time would, he was 
afraid, prove to be a source of trouble in this respect, unless they could 
arrange to have a sufficient quantity of water ballast arranged in them to 
sufficiently immerse their hulls to enable them to make a passage in bad 
weather. Apart from the question of passage making, they had the very 
serious question of the failures in the tail end shafiis, by which valuable 
property and human lives were placed in perilous positions, and not un- 
frequently both had been lost. Consequently, one of the chief questions 
which tbey, as shipbuilders, had to face was to find a means whereby 
a shipowner might be able to send his vessel to sea in ballast when no 
cargo offered, and that with every prospect of making a passage. Of 
course this could be done in a variety of ways, but it must be done at 
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the minimam cost with the maximum efficiency, otherwise the extra 
first cost of the steamer might be so great as to completely dispel any 
hope of keeping up the already small return upon his capital. Mr. 
McGlashan brought forward, to meet this case, a vessel constructed with 
side tanks, and which he contended would supply what was required. 
He quite agreed with him that the quantity of ballast was supplied, and 
placed in an exceedingly good position to secure good sea-going qualities, 
but he was inclined to think that when the shipowner came to consider 
what he had to sacrifice in order to obtain this extra ballast that the said 
sacrifices would outweigh the benefits. In the first place, they had de- 
creased capacity in the holds of about 12,600 cubic feet, or 280 tons at 45 
cubic feet per ton ; this was a large loss when carrying light bulk cargo ; 
however, against this they had a decreased gross tonnage of about 170 tons, 
and a decreased net tonnage of about 116 tons, always taking for granted 
that the machinery space was large enough to secure the 32 per cent, of 
the gross reduction. On the other hand, if the weight of the vessel was 
not more than a vessel built in the ordinary way, the deadweight carry- 
ing capacity remained the same, and the shipowner i*eaped the benefit 
of the reduced tonnage as befoi'e stated, so that if it was advantageous for 
one cargo it would be the reverse in another case. This was a matter 
which the shipowner must decide to suit his own requirements. The next 
important matter which struck one as being disadvantageous to the side 
tank steamer was that he was afraid that the first cost would be consider- 
ably increased. Mr. McGlashan was good enough to inform them that 
the space between the inner and outer skins was 2 feet 5 inches. Now, 
arrange this as they liked, the space was very confined, and, depend upon 
it, they would have to pay their workmen higher rates who had to work 
in these confined spaces. Besides, the workmanship must be of the very 
best in the tanks, as, when the side tanks were full, there would be a 
constant heavy pressure upon the plating near the bilge and tank side of 
the double bottom, and to obtain this high standard in the confined space 
would require great care, and would take up a great deal more time than 
ordinary work, where the space was not so confined. Then again, they 
had the testing of these tanks, which would require to be carefully carried 
out, and upon which a good deal of time would be expended owing to 
their being so difficult of access. This was not a large item, but it was 
astonishing how the cost mounted up when such work had to be done. 
Another item which would add to the cost was the making of water tight 
compartments in the double skin in order to make the connections to the 
sea for the requirements of the machinery, and he supposed that wells 
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would have to be constructed in each hold for drainage purposes. Add 
to this the cost of piping and pumps for filling and emptying the side 
tanks, and it appeared to him that the cost added to the vessel would be 
considerable when built with side tanks. There was no doubt the vessel 
would be better able to make a voyage in bad weather, and it remained 
with the shipowner to weigh up the advantages and disadvantages which 
they put before them, and decide whether he would secure a return upon 
the extra expenditure which, in his humble opinion, would be incurred in 
building a vessel with side tanks. The assumption of Mr. McGlashan 
that the safety of the vessel would be increased was one with which he 
heartily concurred ; they had had cases where a vessel had been saved 
from total loss by the inner bottom remaining intact when the outer skin 
was pierced, and, without doubt, the inner skin of the side tanks would 
answer a similar purpose should occasion require it. But in the event of 
damage to the side tanks, would the cost of repairing them not be 
considerably more than for repairing the ordinary shell in a vessel built 
in the ordinary manner ? Without doubt, such would be the case ; but 
the question was, would not the extra safety outweigh the extra cost of 
repairs ? He took it that by adopting side tanks an increased ballast 
capacity of about 730 tons was obtained over the cellular double bottom. 
Now, if a deep tank about 40 feet long was to be constructed immediately 
in front of the stokehold bulkhead, and carried up to the height of the 
lower stringer, they would obtain a tank having a capacity of about 930 
tons, or 200 tons in excess of the vessel with side tanks. A suitable hatch 
with a winch could be arranged upon the bridge deck immediately over 
the hatches leading into the deep tank, so that the cargo in this part could 
be manipulated with ease and rapidity. The bulkhead in the forehold 
could be placed so as to form the fore end of the deep tank, and thus leave a 
roomy forehold, which would be most valuable and easily worked — which 
would counterbalance the little extra trouble required to work cargo out 
of the deep tank hold. Now, this deep tank hold would not increase the 
first cost nearly so much as the side tanks, neither would there be a loss 
of capacity due to side tanks ; they would have a greater immersion due to 
the extra ballast, and the cost of repairs would not be increased as in the 
side tank arrangement. One thing might cause inconvenience, and that 
would be the trim of the vessel ; but, with a little manipulation, he 
thought this might be satisfactorily arranged, even suppose they sacrificed 
a little ballast in the tank in the forehold. Such a deep tank, having a 
capacity of 920 tons, might be considered too large ; but they had 
recently built vessels with deep tanks holding 820 tons, and they had 
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given 80 far every satififaction. The subject of water ballasting was so 
interesting, and at the present time was attracting so much attention, that 
one conld go on bringing forward endless points of interest if time would 
allow, and he thought they were deeply indebted to Mr. McGlashan for 
giving them this opportunity of ventilating the question. 

Mr. M. C. James observed that the former speakers had, to a large ex- 
tent, said what he had in his mind ; but there were still one or two other 
points to which he should like to draw attention. In the first half of 
Mr. McGlashan's paper, where he detailed the various developments which 
had led up to the present unsatisfactory condition of things as regarded 
the ballasting of the modern huge, full-bodied, flat-bottomed cargo ships 
now employed in the North Atlantic trade, he remarked that "the 
proportion of beam to draught of water had considerably increased of 
late/' and then showed very clearly how this, to a large extent, affected 
the lightness of draught. He (Mr. James) thought the vessel, whose 
particulars Mr. McGlashan gave in the table appended to his paper, 
under the letter H, must surely have been specially put forward as a 
"fearful example," her dimensions being, length 888 feet by 61 feet 
beam. Now, if any shipbuilder had proposed a beam of that sort fifteen 
or twenty years ago, he would have been looked upon as being about as 
mad as a shipowner who would propose to send his ship across the North 
Atlantic in mid-winter in ballast trim. If this rushing to extremes went 
on in the proportions of beam to draught, there was no possible arrange- 
ment of ballast that would keep pace with it. Fprther on in his paper, 
Mr. McGlashan spoke of the main purposes of ballasting steamers being 
to increase the draught so as to make them manageable in rough seas by 
immersing the propeller sufficiently. He (Mr. James) thought in the 
anxiety to get the propeller covered, there was a tendency to lose sight of 
the fore end altogether. It was too often thought to be quite sufficient 
if the propeller was immersed, but the lightly immersed fore end made the 
vessel almost unmanageable and rendered it very difficult indeed to keep 
on a steady course. Speaking of deep tanks : such a tank as Mr. Batey 
had suggested had been fitted in a steamer he had had to do with ; but 
he (Mr. James) could not say he admired them or that they afforded a 
satisfactory solution of the difficulty. He shared Mr. McGlashan's objec- 
tion to deep tanks, they were very objectionable in many ways. In some 
recent vessels deep tanks had been fitted immediately abaft the engine 
space : in such cases there was the thrust recess and shaft tunnel to make 
watertight, so that on the whole it was a very unsatisfactory and costly 
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job ; but he thought Mr. McGlashan's side tanks would be almost, if not 
quite, as objectionable as deep tanks. How did he propose to sound 
them ? He (Mr. James) did not see how the pipes could be led straight 
down to these tanks. Then, again, these deep side tanks could not be 
filled entirely by gravitation, they would have to be pumped up, and he 
took it there would have to be a more or less elaborate arrangement of 
pipes and valves connected to the various tanks and wells. There would, 
he considered, be considerable danger when the vessel was bunkering 
under tips with a little carelessness on board. Perhaps, as often happened, 
the senior officers and engineers on shore at the shipping office, and a 
junior engineer or even the donkeyman in charge, what would happen if 
any little bungling took place in working the various valves if water ballast 
was being put in or removed from these deep side tanks, he did not like to 
think. The question of cost had been touched upon, he thought that 
a grave objection to this system of construction, also the inaccessibility of 
these tanks for examination, and this, he thought, would add a new terror 
to surveyors and those who had to crawl through tanks and boilers, 
because the ship's sides would be divided into three longitudinal cellular 
spaces, the manholes would be very small through the stringers, and the 
tendency, he feared, would be for those spaces to be more or less neg- 
lected ; moreover, the upper part, between wind and water, would be very 
liable to excessive corrosion, especially in the case of a steel vessel, and he 
would not be surprised to find it wasted away to an alarming extent in three 
or four years. Another point that occurred to him was, that if the tanks 
were carried right up to the deck as proposed, unless special means were 
taken in the upper works, they would probably develop signs of weak- 
ness. He supposed the frames would be cut and kneed on to the top 
part or stringer over the side tank ; if so, the tendency would be to 
produce such straining and defects as were found in the 'tween decks of 
the early oil steamers. One advantage of carrying water ballast in these 
side tanks would be not so much in raising the centre of gravity, but in 
what was technically known as " wringing out the weights" : this increased 
the length of the vessel's radius of gyration, and so counteracted the un- 
avoidably excessive metacentric height in the ballast trim, thereby 
diminishing the period of roll and improving the behaviour of the ship at 
sea in ballast trim. However, all things considered, he (Mr. James) 
would prefer Mr. Maxwell Hill's system of fitting tanks for water ballast 
on deck incorporated with the vessel's structure. He knew people 
connected with the working of vessels with ballast tanks constructed on 
Mr. Hill's plan, and they spoke very highly of the ship's behaviour in 
ballast trim. 
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The Sbcrbtaby read the following communication from Mr, J. 
King: — 

Dear Mb. Duckitt, 

As I am unable to be present at the meeting of the Institution on 
Friday, I send you the following remarks on the very able paper by Mr. 
McGlashan on "Water Ballasting of Steamers." The side ballast tank 
as described is a new feature on a subject of great importance. It seems 
to me that the adoption of side tanks would involve some additional 
structural weight. The plating of the wing tanks, especially near the 
bottom, would require to be of sufficient thickness and sufficiently well 
stiffened to sustain the considerable head of water in the tank ; and 
although some saving of weight may be obtained by a possible reduction 
in the scantlings of the ship on the ground of the strengthening effect of 
the inner plating and its framing, that saving, I think, would not be 
enough to cover the extra weight required for the proper construction of 
the tanks. 

The tanks would be somewhat difficult of access for cleaning and 
repair, and the checking of corrosion would be rendered less easy. The 
inside plating being in direct contact with the cargo would be, with 
certain cargoes carried in rough weather, liable to damage. The longi- 
tudinal stiffening effect of the side tanks would greatly assist the structure 
in longitudinal stresses, and would therefore be of great value, but that 
stiffness would require to be gradually reduced at the tank ends to 
prevent such a sndden termination of strength as would develop local 
weakness. Diagram 8 (Plate XIV.) does not show very clearly whether 
the side tank and double bottom form one water space or not, but I take 
it that each will be a separate compartment. In that case, I think that 
whether the double bottom is full or not, there would be such a consider- 
able force brought to bear on the margin plate due to the vertical 
momentum of the side ballast when the vessel is rolling heavily, as would 
be severely felt by the connections, and special care would be required 
in arranging the support for the margin plate, although the rolling of a 
vessel with side tanks full would probably not be so violent as in a 
vessel without such an arrangement for carrying the ballast weights high 
in the section. 

The experience that will be gained by the vessel now being built on 
the side tank system will be very interesting and valuable, and I hope 
Mr. McGlashan will supplement his paper by giving the Institution 
some information as to how this important development turns out. 

Yours faithfully, J. King. 
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MR. A. McGLASHAN'S REPLY. 

Mr. A. McGlashan, replying to the discussion, said to do full 
justice to the important discussion which had taken place would require 
a lengthy reply. He would endeavour, however, to be as brief as was 
consistent with fairly facing such objections as had been made to the 
proposals contained in the paper, including the remarks made that 
evening. Little or no notice had been taken of the major portion of 
the paper, in which attention was drawn to the striking changes that 
had taken place in modem steamers requiring them to have increased 
water ballast capacity, and the inadequacy of the provision made for 
carrying it. The case for increased water ballast capacity was, therefore, 
tacitly admitted to have been made out. 

He was sure the Institution owed thanks, and personally he did, to 
Mr. Fothergill and Mr. Hirst for giving them the benefit of their sea 
experience, as well as of their wide general knowledge as to the mis- 
chief arising from deficient ballasting, particularly with regard to the 
machinery ; and their appeal for more ballast should not be without 
good effect. 

Mr. Robert Thompson's appreciative criticism was particularly 
valuable because of his extensive experience both as shipbuilder, ship- 
owner, and repairer. He frankly acknowledged the need for more ballast, 
and to some of his other remarks he had the pleasure of partly replying 
at the previous meeting. 

Mr. Yeoman did not hesitate to confess that more ballast was wanted 
in modern steamers. As an expert in analysing the life loss returns, as 
well as a shipowner, he called for a ship capable of doing its work under 
all conditions, and in such a way as would give the sailor no undue 
anxiety ; and in this he was sure he would be backed up by the senti- 
ment of the members of this Institution. 

Mr. Arnison was undoubtedly correct in his opinion as to the 
increased longitudinal strength of the side tank system. But at the 
same time care had been taken to increase the transverse strength by 
very efficient web frames within the side tanks, and so far from there 
being, as Mr. A. E. Miiir feared, any loss of transverse strength there 
would be a great addition to it by the inner bottom and side tank 
plating forming a continuous connection round the bilges where the 
elTects of transverse weakness were frequently visible in large ships. 
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The reception given bj the President to the paper, and to the pro- 
posals it contained, was at once generous and discerning, and the writer 
could not wish for more valuable testimony to the practicability of the 
side tank system, and to some of the advantages it offered than he gave 
in his contribution to the discussion ; while his answers to some of the 
objections of previous speakers were sufficient to warrant him in not 
giving a further reply to these objections. And though he favoured 
hold compartments being constructed and used for water ballasting more 
than was done in the paper, he was as emphatic as anyone as to the 
need of more efficient ballasting than often obtained in modem cargo 
steamers. 

In reply to Mr. De Rusett, he might say that in carrying out the 
arrangement illustrated in Fig. 9 (Plate IX.) the side tanks on each side of 
the ship would consist of three separate compartments, above and indepen- 
dent of the bottom tanks, and they would be filled and emptied through 
pipes fitted direct to each compartment. Wells would be formed in each 
bilge at the after end of the midship holds and engine room, so that any 
water which found its way into these compartments might collect in 
them and be pumped out by steam, or hand pumps, as occasion arose. 
As to the thickness of the shell there need be no misgiving, as strakes 
of normal thickness were not reduced. Of course doubling strakes, and 
such like plasters, required on ordinary steamers were fully compensated 
for by the side tanks. The formation of the valve recesses would not be 
costly, being definitely arranged for from the first. They required no 
extra material in their formation, and though they required a little extra 
riveting and caulking no work need be done twice over in connection 
with them. It was not expected that the side tank plating would 
collect so much sweat from cargo as the sides of an ordinary ship did, 
and as water could not enter the holds in case of a slight straining of the 
outer shell there seemed to be no call for cargo battens ; but if these 
were desired they could easily be fitted. He could not enlarge the scope 
of the paper by entering into the relative capacities of the ships given in 
the table. They were ships of different types and sizes and age. He 
had not the revised tonnages of some of them, if, indeed, they had been 
revised according to the late regulations, and it seemed to him that 
introducing the tonnages and capacities of them would only lead to 
confusion. There had been an attempt on the part of one or two 
speakers, however, to make a great deal of the reduction in measure- 
ment capacity, and with that he might be able to deal without going 
into the general question of tonnage and capacity. 
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With regard to Mr. Sivewright's observations, he might say, Ist, 
that the mistake had not been made of making the side tanker fit only 
for a particular trade. She would be very suitable for general trading, 
and would be as good a ship as any other for carrying cargoes both ways 
when they could be found. But she would have the additional advantage 
of being equipped with water ballast to go without cargo from places 
where none were to be found to where they were ; and that was some- 
thing for which many shipowners were willing to pay a little. 2nd, 
deadweight was still the principal standard of a steamer's earning power. 
This was proved in several ways ; for instance, owners had readily spent 
large sums strengthening their ships so as to get a few inches more load- 
ing, although in doing so they did not add a cubic foot to the measure- 
ment capacity. And on every hand there was heard the complaint that 
ships paid better under a foreign flag because they were allowed to load 
deeper than under the British flag. Again, in many hundreds of 
enquiries for steamers which he had seen, deadweight capacity was given 
as a condition to be fulfilled, while comparatively few, except for special 
purposes, required a given cubic capacity as a condition of contract. He 
was far from seeking to ignore the value of cubic capacity, however, and 
would look, in the 3rd place, at the rough estimate of applying the side 
tanks to a vessel 815 feet by 42 feet 6 inches by 26 feet 3 inches, with 
which they were favoured. The decrease of net tonnage was given as 70 
tons. This was equal to a decrease of 103 tons gross, which was equal 
to 10,300 cubic feet of space clear of ceiling and cargo battens. But by 
the operation of the rule which required 13 per cent, of the gross tonnage 
to be set aside for propelling power space in order that 32 per cent, 
might be got off the gross tonnage, 13 per cent, of 10,300 cubic feet, or 
1,339 cubic feet of this reverted to the bunker space, bringing down the 
net reduction of capacity to 8,961 cubic feet, which was the only really 
valuable space shut out by this simple application of the side tanks. Of 
course he might add to this the space between the frames, which is 
worthless for carrying bales of wool, or cotton, or for timber and such 
like light cargoes, but which many include in the measurements, so as to 
swell the figures of the cubic capacity. So let them see what this might 
amount to. Length of tank, as given, 173 feet x depth of side from 
finish of ceiling, say 21 feet x breadth of space from shell to face of 
cargo battens — 9 inches x 2 sides of ship = 5,449 cubic feet 4- 8,961 
ahready deducted = a total of 14,410 cubic feet, inrlmling bunkers^ even 
if this very unfair method of treatment was admitted. They were told, 
however, that the reduction worked out 14,056 cubic feet of hold capacity 
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+ 100 tons of bunkers, which, at 46 cubic feet per ton = 4,500 cubic 
feet = a total of 18,566 cubic feet, which is 4,146 cubic feet more than 
it worked out. They were told that it was a rough estimate, but it 
seemed too rough for any useful purpose. He might be allowed to point 
out that in many large steamers thousands of cubic feet in the bilges 
(shown at A on the accompanying diagram) were lost for carrying either 
ballast or cargo. In the side tanks they were of course available for 
water ballast, and it looked as if this space had been included in getting 
up the 18,556 cubic feet, which, of course, would be a mistake. But so 
far from the side tanker having a loss of cubic capacity, she had abso- 
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lutely as much bale capacity for a vessel of her size than if she had been 
built in the ordinary way without side tanks, but with a lower deck. 
4th, when they were told that with large steamers there was no difficulty 
in getting well on to 1,000 tons of water ballast, and that this had been 
augmented by carrying ballast in the tunnel, he wondered how he had 
often found great difficulty in finding capacity for so much. Looking up 
Lloyd's Register, he found among many examples of what was actually 
attained in this direction the following most modern vessels, which Mr. 
Sivewright might perhaps recognise, and which might be taken as 
fairly large vessels compared with those in the Appendix table of the 
paper, viz. : — 



Bngth. 


BrMtdth. 
Ft. Ins. 




Depth 
Moaided. 
Ft. Ids. 


GroM Tonnage. 


Water Ballast. 

Bottom. After Peak 

Tons. Tons. 


330 


X 43 1 
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22 3 


3,346 


647 


24 


331 


X 42 
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21 1 


3,142 


579 


42 


330 


X 45 1 


X 


21 2 


3,353 


587 


37 


340 


X 47 1 


X 


22 10 


3,743 


687 


41 
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Now, he did not say that these were bad examples of modem vessels, but 
in the largest of them, with a total of 728 tons, the water ballast capacity 
was 272 tons short of the 1,000 tons spoken of, and would take at least 
9,520 cubic feet off the cargo space if it was to be got in in the ordinary 
way. As to carrying water ballast in the tunnels, he knew of at least 
two cases in which, a few years ago, tunnels were made of double the 
usual strength, so that, if required, they might be utilised for the 
purpose. He could not find out, however, that they were so used, and 
would rather leave sea-goiug engineers to judge of the convenience and 
advantages of such a method. (Mr. R. H. MuiR : I filled one to-day.) 
That the scheme had been before the public for some time now showed 
the need for more water ballast, however, and emphasised the arguments 
of the paper. 6th, as to the utility of deep tanks, notwithstanding what 
had been said, an acquaintance with them of over twenty years, and the 
experience of a number of competent superintendents, made him adhere 
to what was said in the paper ; and though some companies put up with 
them, others would not. What was wanted in ordinary cargo steamers 
was simplicity and eflBciency and despatch, not so much in the building 
and repairing as in the working of them, so that loading cargo could be 
carrried on whQe tanks were being pumped out, and vice versa, with as 
little waiting, and cleaning, and fixing of gear as possible. 6th, as to 
making cargo steamers of leaner form and a lower coefficient, in order 
that they might not have trouble in getting about in ballast, he would 
remark that so long as vessels earned freight by currying either dead- 
w^eight or measurement cargoes at a moderate speed such a suggestion 
was not likely to be adopted. 

Regarding the remarks made by the speakers that evening, in so far 
as his reply had already dealt with them, he would not repeat what he 
had said. He thanked Mr. R. H. Muir for his appreciative remarks. 
The fact that the question of efficiently ballasting steamers had been 
raised in the House of Lords, as he pointed out, showed the great interest 
which the subject generally was attracting. Mr. Muir was very favour- 
able to the side tanks, and, giving some good reasons in favour of them, 
declared his opinion that the fitting of such tanks would be a thing of 
the future. 

With many of Mr. Batey's remarks he quite concurred. But as to 
the dilliculty of constructing side tank steamers, the firm which was 
building the first one did a considerable amount of repair work, and 
frequently, at the present time, they put tanks into ships under the 
boilers without disturbing the boilers, and when work like that could be 
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done in the confined spaces in which they had to do it in small vessels, it 
seemed practicable enough to work in the side tanks where a man could 
stand erect and have sufficient room to strike a blow with a heavy 
hanmier. The cost had been gone into : it was a matter for the owner 
and builder, but he did not think there would be any disappointment on 
that score. The difficulty of making the tanks to stand the pressure of 
water would not be so very great, for, as the President told them, much 
experience had been gained in building big' oil tank vessels, in which 
large flat surfaces of bulkheads were made to stand a very severe test, 
and sometimes proved tight at the first filling. He thought that owing 
to the form of the vessel, especially near the bilge, and with her stiff and 
rigid framework, that the side tanks would be much stronger and less 
likely to leak under test than the bulkheads to which he had referred. 
He did not think that the deep tank proposed, with an extra winch, 
would be a solution of the problem of ballasting. That method had 
been tried, and would, no doubt, be tried again, but it depended upon 
the trade for which ships were to be used, and how far experience with 
the new system would show its utility, which of these forms of tanks 
would be generally adopted. 

Mr. James remarked on the extreme proportions of vessel H, 338 
feet by 51 feet. Builders were driven to such dimensions, however, by 
owners, who found that they suited their requirements. So there were a 
good many men and circumstances responsible for such proportions, and 
these were developments they could not stop. Whenever advantages 
were seen to lie in any direction, owners naturally followed after them. 
They might overdo it ; but with sufficient ballasting and strong ships, 
he did not think they would, and such ships would be safer than the 
older narrow and deep type of vessels. The danger of the side tanker 
listing through the carelessness of those in charge had been mentioned. 

Mr. Jas. Thomson asked him at the last meeting how far the ship was 
likely to heel over with the tank on one side only filled. Well, the 
largest tank was to hold 1 GO tons. In the ballasted condition the meta- 
centric height had been estimated at from 8 feet to 9 feet, according to 
the position of the bunker coal. Now, the moment of 160 tons removed 
from one side, at a distance of, say, 24 feet from the centre, when the 
displacement is over 4,000 tons, and the metacentric height so grear, 
would not be a serious matter ; but it was found that not more than 100 
tons could run out of the tank if injured by collision, as the inclination 
was so slight that there would still be 8 or 10 feet of water left at the 
bottom of the tank, so that the vessel would not incline more than about 
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4 degrees. Supposing, on the other hand, she was loaded, and water 
run into a tank on one side by accident. The metacentric height might 
be taken as from 3:^^ feet to 8 j feet, according as the upper spaces were 
filled with cargo or not. Assuming that 160 tons could be run in on 
one side, that quantity by 24 feet equals 3,840 foot tons, with, say, 
8,800 tons displacement, and there would not be an inclination of more 
than 7 or 8 degrees. It would be a simple matter in such cases to 
trim the vessel to an upright position, either by letting water in or out 
of the opposite side of the vessel as the oircumstances required. In 
regard to what Mr. James said about the difficulty of access, as had 
already been stated, access could be got to the tanks at any time, 
whether cargo was in the holds or not. The height between the 
stringers was sufficient to allow a man to stand erect in the side tanks. 
These would drain comparatively dry and clean, and it would be a 
different thing getting about in them to crawling through the manholes 
in the floors of a double bottom. There was no reason why the side 
tanks should waste away at all. Some of the finest structures in the 
country wefe constructed with confined tubular and other parts difficult 
of access, and all they wanted to preserve them was simply attention. 
Carrying the weight out at the sides was certainly a feature in favour of 
the side ballast. It did not reduce the rolling, however, so much as the 
raising of the centre of gravity did. As to tanks on deck, he thought 
their effect on the ship would be good. He had instanced a case in the 
paper where a temporary tank had been tried with good effect, and he 
thought the same result would follow in other ships having tanks on 
deck, whether permanent or temporary. He thanked them for the kind 
reception the paper had got, and for the valuable discussion which had 
taken place on it. 

The President said the paper conunended itself very much to him 
for this reason : that he looked upon it as applying the scientific part of 
the Institution to their practical avocations ; and he thought the points 
which had been drawn out, both by the paper and the speakers, 
upon it would set members thinking, and might be the means of bringing 
forward some important papers on the same subject in the future. He 
would now ask them to accord to Mr. McGlashan a very hearty vote of 
thanks for his paper. 

The vote was carried by acclamation. 
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AN INSTRUMENT FOR GAUGING THE CIRCULARITY OF 
BOILER FURNACES AND CYLINDERS, AND PRODUCING 
A DIAGRAM. 



By T. messenger, A.M.I.C.E. 



[Read beforb the Institution, in South Shields, on Fbbbuaet 18th, 1898.] 

It is with considerable hesitation that the writer offers to the Insti- 
tution a paper on this instrument, yet as it has proved of so much value 
to him in correctly recording the state of each furnace for future 
reference, he hopes it may be of value to some of the members. It has 
already met with the approval of some of the Board of Trade surveyors, 
and others most interested in this question, who have seen it. 

This invention relates to an instrument or apparatus for internally 
gauging and testing the circularity of cylinders, delineating the same on 
paper, and is designed more particularly for use with cylindrical furnaces. 

Of late years the steam pressure in boilers has been greatly increased, 
particularly in marine boilers of the cylindrical type having circular 
furnaces ; such furnaces are liable to become distorted after use, and it 
is necessary to frequently gauge them to ascertain any deformation 
which may exist therein. This has hitherto been usually accomplished 
by measuring them with a telescopic gauge in different directions, but this 
method is extremely inconvenient and not nearly so exact as if these 
measurements were taken from the centre of the cylinder, »>., radially. 

The object of this invention is therefore to take these measurements 
radially, and to produce a diagram on a sheet of paper showing the 
deformation, if any, existing in a section of the cylinder as compared 
with a true circle. 

It consists in arranging three telescopic legs radiating from a centre 
pin in such a manner that they all move outwards or inwards simulta- 
neously and equally : they are placed at angles of 120 degrees one with 
the other, so that when the points of these three telescopic legs rest on 
the inner surface of the cylinder the centre pin will always be in the 
centre of these three points, as hereinafter explained. 

A telescopic arm is suitably arranged and provided with a roller at 
its outer end, pressed out by a spiral spring, which arm works on the 
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centre pin and is moved round the cylinder ; the roller moves inwards 
or outwards as it travels round, following any irregularities in the 
cylinder, and if a pencil be fixed to the sliding piece in the telescopic 
arm, and pressed against a sheet of paper, it will describe thereon a 
diagram or representation of the form of the cylinder and show if it be 
a true circle or any departure therefrom. From these representations it 
can be seen whether or not any deformation is to be found in that portion 
of the cylinder tested. 

This result is obtained preferably in the following manner : — At the 
inner ends of each telescopic leg a toothed rack is fixed, and a cog wheel 
gears with each of these racks, the centres of these wheels being 
equidistant from the centre pin. A fourth wheel is placed centrally 
between, gearing into each of the three, the result being the centre 
wheel when turned in one direction causes the three telescopic legs to 
move outwards, and if turned in the other direction causes the three 
telescopic legs to move inwards, all simultaneously, and to an equal 
extent. 

In placing the instrument into a cylindrical furnace, it is prefered to 
place one of the three telescopic legs vertically, resting on the bottom of 
the furnace, and on this leg is placed a spiral spring to take the entire 
weight of the instrument, which enables it to be much more readily and 
quickly put in place. When the points of these three telescopic legs all 
touch the furnace they are fixed as follows :— On the centre wheel 
spindle or axis is fixed a worm wheel, with which gears a worm, working 
in a pivoted frame, so that it can be instantly thrown in or out of gear 
with the worm wheel, and when the points of the three telescopic legs 
touch the inside of the furnace, the worm then gearing with the worm 
wheel, and being turned in one direction, immediately presses the points 
of the three telescopic legs outwards and locks them there, thus firmly 
fixing the instrument in position, and the worm being turned in the 
opposite direction jis readily releases the instrument. (Fig. 1 , Plate XVI.) 
(Fig. 4, Plate XVI.) 

This worm wheel is on one side of the instrument, and the central 
pin first referred to is on the other side. On the central pin is suitably 
secured a drawing board on which a sheet of paper is fixed, and from the 
foregoing description it will be readily undei*stood that if the telescopic 
arm having a roller at its outer end be moved round the furnace, and 
the pencil attached to the outer portion of this arm which moves 
inwards or outwards with the roller be brought into contact with the 
paper, a diagram will be produced accurately showing if the furnace be 
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true or deformed ; and although the pencil will revolve in quite a small 
circle compared with the furnace, yet the deformities, if any, wiU remain 
full size, and therefore be apparently magnified in proportion to the 
circle. This enables these deformities to be much more easily read by 
the eye, and they can be measured as if they were full size. 

It will be understood that several sets of telescope legs are required. 
The first set will take furnaces from 83 inches to 87 inches ; the second, 
from 86 inches to 40 inches ; the third, from 39 inches to 48 inches ; 
and so on. The radial arm will take any furnace from 83 inches to 52 
inches, and up to 60 inches if required. 

This instrument, when used to a steam cylinder, requires the roller to 
be replaced by a pointer having a slightly rounded point, so as not only 
to show any deviation from a true circle, but also any scoring which 
generally exists in a worn steam cylinder. 

The great importance of the diagram when taken is that it consider- 
ably magnifies any defects, and at the same time shows clearly at sight 
which are the major and minor diameters, thereby suggesting exactly the 
angles at which these dimensions should be taken when furnaces are 
examined for deformity, and also showing the boilermaker in which 
direction the furnaces require to be set into truth. 

The pencil is preferably so set in the instrument as to describe a 
figure of a convenient size to suit a sheet of foolscap paper ; and as this 
paper is usually soiled, it is best to take a tracing of this figure to be 
kept as a future record, and for comparison, say every year, to ascertain 
the increase of deformation, if any. 

Explanation of Fig. 5, Plate XVII., to which Careful 

Attention is Drawn. 

The manner in which the pencil magnifies the evils when drawing 
the diagram A is very startling, and unless this is clearly understood it 
might lead to needlessly condemning a furnace. But this method of 
magnifying the evils is exactly that adopted when showing the profile of 
a railway, viz., the vertical scale being greater than the horizontal ; 
otherwise the inclines would scarcely be seen, just as with this instru- 
ment any small deformity in the furnace is made apparent which 
otherwise would escape attention. 

For finding the true circle B to compare by scale with the diagram A, 
an easy method is to bend a small lead wire around the diagram A. This 
opened out straight gives the length of the circumference for obtaining 
the diameter of the true circle B for this comparison ; or a cyclometer 
may be used. 
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The dotted line C is reduced from diagram A to the same scale as 
the true circle B, and' the comparison of these two diagrams, viz., C 
and B, gives the true delineation to scale of what the real deformity is, 
and so enables a true opinion to be formed at a glance, at the same 
time correcting the startling eflFect of that produced by the diagram A, 
which so greatly magnifies these defects. 

The value of this diagram A, although so startling, is that it not 
only considerably magnifies any defects, but it also clearly shows at 
sight which are the major and minor diameters, thereby suggesting 
exactly the angle at which these dimensions should be taken when 
furnaces are examined for deformity, and also showing the boilermaker 
in which direction the furnaces require to be set into truth. 

Again, when measuring furnaces for deformity, as has hitherto been 
the custom by an ordinary telescopic gauge, only two diameters are 
generally taken in different directions, and these diameters entered in a 
proper form in figures, the subtraction of one from the other giving the 
difference, and so when wading through a sheet of these figures, say for 
a vessel having 48 furnaces, one's mind becomes mystified before com- 
pleting the investigation. 

The great point in the magnified diagram A, is that it at once 
so clearly brings to one's mind the real defects of each furnace, and at 
a glance showing the real form in every point of its circumference. 

Method of taking Diagrams in Furnaces and afterwards 

Working them out in the Office. 

The Diagram A is first taken with the instrument in each furnace, 
this at a glance showing in which direction they should be measured for 
the major and minor diameters, and also to the boilermaker in which 
direction to apply the hydraulic jack, so that this part may be dealt with. 
The sheets of paper on which these diagrams are described are then taken 
to the office, and the scale for drawing the true circle B ascertained as 
before explained ; having found this scale the dotted circle C is developed 
by radial ordinates to this scale, then these two circles B and C show to 
scale exactly what the deformity is. 



An actual set of diagrams taken from boilers eight years old and 
the instrument by which these were taken was oyieu for inspection at 
the meeting. The instrument and its use was explained by Mr. Shand. 
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DISCUSSION. 

The President observed that they had the advantage of not only 
hearing the paper, but of having before them the instrument itself. 

Mr. J. H. Heck said he had read with a great deal of pleasure the 
account of this instrument. He had tried and examined it, and thought 
there was a future usefulness in front of it. It was stated that furnaces of 
ordinary boilers became distorted through use. Of courae furnaces came 
down, but that was due to want of care. As long as furnaces were reason- 
ably attended to and kept clean there was no distortion of a serious 
amount. Machinery, as a rule, always gave warning before it broke. 
A flaw appeared, and if that kept extending voyage after voyage it showed 
very clearly that it was time to renew it. Fuinaces were also the same. If 
not properly treated and cleaned they came creeping in, little by little, 
until distortion was caused. This instrument, especially in large com- 
panies, would be of value. If supplied to a vessel, the superintendent 
could require a furnace diagram to be supplied, just like indicator 
diagrams, every voyage, and in that way could personally judge if any 
alteration of form had taken place, or if the furnaces and boiler had been 
kept properly cleaned. It was a sine qua non with high pressures to keep 
boilers quite fi'ee from scale or other foreign matter ; and as neglect of 
this rule caused distortion, an instrument of this kind, which had been 
well thought out, and exhibited it in a diagram form, was certainly of 
use. He thought that the thanks of the Institution were due to Mr. 
Messenger for the trouble and expense he had taken in sending the 
instrument for examination. 

The President asked them to authorise the Secretary to convey to 
Mr. Messenger the very hearty thanks of the Institution for his con- 
tribution. 

This was cordially agreed to, and the meeting adjourned. 
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NOBTH-BAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDEBS. 

FOUETEENTH SESSION, 1897-98. 



PROCEEDINGS. 



FIFTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON FRIDAY EVENING, MARCH 
18th, 1898. 



J. R. FOTHERGILL, Esq., Vice-Peesidbnt, in thb Chaib. 



The Secretary read the minutes of the last General Meeting, held in 
South Shields, on February 18th, which were approved by the members 
present, and signed by the Vice-President. 

The ballot for new members having been taken, the Vice-President 
appointed Mr. H. E. J. Camps and Mr. Frank Caws to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Anderson, Thos. James, Engineer Surveyor, 2118, Strand, Galveston, Texas, 
United States of America. 

Dunlop, John, Ship Draughtsman, 65, Sydenham Terrace, Chester Road West, 
Sunderland. 

Moffoot, Alexander, Ship Draughtsman, 43, Bedford Street, North Shields. 

Teasdale, John, Engineering Draughtsman, 13, Wandsworth Road, Newcastle- 
upon-Tyne. 

Tocher, J. W., Shipyard Manager, c/o Messrs. WaUsend Slipway and Engineering 
Co., Wallsend-on-Tyn6. 

GRADUATES. 

Bocler, Harry, Naval Architect, 20, Briery Vale Road, Sunderland. 
Brigham, Malcolm, Engineering Student, Westoe Tower, South Shields. 
Dickie, James, Jun., Ship Draughtsman, 18, Brinkbum Terrace, Westoe, South 
Shields. 



VOL. XIV.— 1898. 



14 



162 PROCEEDINGS. 

Dickie, John P., Engineering Draughtsman, 18, Brinkburn Terrace, Weetoe, 
Sonth Shields. 

Fen ton, Frederick, Ship Draughtsman, 15, King Street, Jarrow-on-Tyne. 

Saul, John W., Apprentice Electrical Engineer, Wainfleet, B.S.O., Lincolnshire. 

Ward, Ebenezer T., Apprentice Engineer, 22, Warrington Road, Newcastle-upon- 
Tyne. 



The Vice-President explained that the President had been suddenly 
called away, and was therefore unable to be with them that night. 



AWARDS FOR PAPERS READ BEFORE THE GRADUATES' 

SECTION. 

The Vice-President announced that the Council had made the 
following awards for papers read before the Graduate Section during last 
session :— 

1.— The snm of £4 to Mr. R. J. N. Willcox for his paper on '* Evaporation as 

carried out at the present time on Board Vessels of the Mercantile 

Marine for the Purposes of Auxiliary Feed." 
2. — The sum of £2 lOs. to Mr. W. Lumley for his paper on " An Analysis of 

Some Types of Throttling Governors." 
3. — The sum of £1 Is. to Mr. F. A. Edminson for his paper on ** Refrigeration 

on Board Ships." 

The above amounts to be spent on books, instruments, or other 
articles which may be of assistance to the recipients. 

The Secretary was also instructed by the Council to prepare a 
reference list of all the papers read before the section during the session, 
and the papers in MS. form were to be kept in the Library of the 
Institution for reference. 

The Vice-President said he was sure they would all agree with him 
in offering their hearty congratulations to those Graduates who had 
obtained the awards. He thought it was a very good feature of this 
Institution that they were able to offer this incentive, and so encourage 
the Graduates to write papers, and it was most satisfactory to find these 
papers frequently showed considerable merit, and in some instances were 
quite equal to those read by their seniors at the General Meetings. 



The discussion on Mr. H. E. .1. Camps's paper on " Some Considera- 
tions in connection with the Transverse Framing of Ships" was resumed. 

A paper by Mr. A. E. Long, M.A., on " Some Points of Interest in 
the Designing of Cargo Steamers " was read and discussed. 
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ADJOURNED DISCUSSION ON MR. H. E. J. CAMPS'S PAPER 
ON "SOME CONSIDERATIONS IN CONNECTION WITH 
THE TRANSVERSE FRAMING OF SHIPS." 

Mr. E. W. Db Rusbtt resumed the discussion on Mr. Camps's paper 
on "Some Considerations in Connection with the Transverse Fram- 
ing of Ships." It gave him pleasure, he said, to offer a few remarks 
on this very copious paper. He did so with much pleasure, as he 
happened to know Mr. Camps personally, and the value of his work 
in connection with investigations of this character. He (Mr. De 
Rusett) would confine his remarks to one or two points only, since the 
paper was so comprehensive. He thought on looking through it care- 
fully, that Mr. Camps's deductions were theoretically reasonable when 
advocating an increase in the spacing of the frames beyond that usually 
adopted in merchant vessels, that is so far as static stresses were con- 
cerned ; but he thought they should approach the subject from a practical 
standpoint, and he observed that with full-lined vessels, the practice 
undoubtedly was to come back to the closer spacing. He knew that with 
regard to Lloyd's that they deprecated any increase of the pitch of fram- 
ing beyond their rules, and he thought for full-lined light draught vessels 
they were wise in so doing, for, probably many present had observed, when 
in dry dock, the effects of slamming on the shell and framing of merchant 
vessels having wide spaced frames, after being buffeted about in the 
North Atlantic when in ballast trim. ^Ir. Camps referred to the wide 
frame spacing of Her Majesty's vessels in support of his views. He 
(Mr. De Rusett) thought that when considering fine-lined deep draught 
vessels of that character they might increase the spacing, but when 
dealing with full-lined light draught ocean steamers the subject needed 
entirely different handling on account of the slamming already referred to. 
In such vessels he would hesitate very much before he would increase the 
spacing anywhere in the fore hold. He said this after careful observation 
and consideration, or if he did increase the spacing of the frames he 
would thicken the plating, and either double the lower part of the framing 
forward or add an additional lower stringer, by which means the riveted 
connection between the plating and the framing of the ship would be 
increased, and the unsupported area of plating be reduced, otherwise 
wider spaced framing meant reduced strength of shell to resist concussion, 
and a reduction in riveted connection between the frame and shell. The 
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writer also matie mentioa in the earii^ part of his paper al the system of 
deep framing, now ao freqnoulj adopted. He entirelj agreed with, him 
on the vahie of this smrf^m, wiiich imdoobtedly was sopmor to a mixed 
framing of light angles and webs, in fact he had adopted this principle 
for nea^ ten jearx and had wasdied its develi^nifiit very carnally, to 
(he largest daas of veas^ : in cooaeqaence ci which, he wonJd advocate 
the deep ginfer f razne in pref er«ice to wefce or otba compoond ^stems^ 
He wae sxre Mr. Caznps was to be coogracdafied oa the result of his 
peraeveraace in wrxting such a p«pff * and the least the m^nbss could 
do. coGti^&dmng he gatte the whofe of the inf oRnados — ad bono .' — would 
he to avail tbuzusehes of thk and like TaZsable p^ers by attoiding the 
meetina^ of the ImtftotioQ whezkeT^- poasbk. 



Vr. T. H. WjLrdr>x saad ibfSK wm no dcwbc thait Mr. Camps was to 
he oongrat^s jat^ cpon ^kiLis^ with a scbject that ckkM not be dealt 
wi^h ivc^s^ a fvni^ikal $$aD(rp«xrt. He bad evadaitly taken great pains 
in nscakit^ <^<c j&c;<obs^ bet the raloe of the papa- was rednced, in his 
eMin^^jt^c*. ^T the admistdon in oce or two places, that it was in^xHsibie 
to pa <ssrreci resmlts^ He took it that the vital poim of the paps* was 
the 5p(*cing of transverse frames, for all the caktxlatk»s seemed to 
hinpe roand abont that. If thej referred to the papa-, it woold be 
seen that Mr. Camps admitted '^p^e 9dj in reference to the formula 
which he gave, that the conatant -/P) was a donbtful factor. It would 
be needle&a to sav that if the constant 50<> was a donbtful factor, there 
was no room to dogmatLse'to Llovd's Register as to the spacing (A frames, 
because the result would Ije of a doubtful character. That wouM be 
something like " jumpinsr out of the frvinsr pan into the fire." Another 
point which had Ijeen stated by Mr. Camps in his paper, and Mr. De 
Rusett that evening, was that warships' frames were spaced wider. That 
was so, but it was doubtful whether warships had a greater unsupported 
area of shell platin<(. He Tthe speaker; thought longitudinals were fitted 
about 4 to 5 feet afiart, with transverse frames -4 feet apart : the unsup- 
ported area in tlmt cjiw; would lie al>out 20 square feet, and if they took a 
merchant ship ati at pn.ii^.nt fitt^jd, the unsupported area ran about the 
^nj(.— le fciX to 20 fcMl, Th^rw; were only rough figures, which might 
need slight aJUjnitioii. Thirre wjis no doubt at all, as far as the ideas of 
prftdical rxjen \v(.n: nmf.t'.nnul, that if the frames were spaced wider apart 
:4Dd lori^'itadi/jAJH npiu'^id rjean^r in njerchant work that a stronger ship 
would U: j/ot. TIj/h whm iwlniitt(!(l by all the exjKJrts of the country, and by 
everyl/^xjy tlmt \iiuf looked into the subject. In other words, there was a 
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superabundance of transverse strength which could be decidedly better 
disposed. Of course, it was a good thing to call the attention of practical 
men to such a subject as this ; but he should say they ought to be very 
careful in regard to the treatment of formulae. He had not had time to 
look closely into those used. He would like to ask : Were they appli- 
cable in the case of ships ? Were they formulae used for ordinary beams ? 
If so, was it right to take formulae used for ordinary beam strains and 
apply them in their ordinary way of application to ships which had so 
many various and complex strains ? Was it possible at all, to come at 
the strains which a ship was subjected to ? Mr. Camps had taken a ship 
upright in still water, and taken the pressure as two-thirds of the depth ; 
but let it be working over to an angle of, say, 80 degrees in a sea-way, 
and where was the strength required ? Supposing they had a ship with 
a double bottom right fore and aft, carrying 10,000 tons of cargo, then 
besides the 10,000 tons of cargo in the hold they had 10,000 tons of 
buoyancy-pressure outside the ship, and these two pressures, if there was 
no water in the ballast tank, tended to crush up the ballast tank, then 
would it be safe to space the framing wider with the present longitudinal 
spacing ? He thought their experience of the past, in the case of stranding, 
would not justify any alteration. He was of opinion that the pressure of 
the cargo inside and the buoyancy outside the limits of the tank were the 
worst features in strain they had to meet regarding frame spacing : far 
more than the side pressure, for the pressure of buoyancy on the side of 
the ship was scarcely equal to one-sixth what it was on the bottom, and 
if they took the case he had stated it was almost (roughly speaking) 
twelve times more. Mr. Thompson, at the last meeting, told of a ship he 
had built with transverse frames 3 feet apart, but he did not tell 
them what the supported area was, or if the rigidity was made up in 
some other way. He congratulated Mr. Camps, but as an old friend of 
his, he should like to have kept out of this discussion. What he had 
said was not in a severe spirit, but simply to help this big subject to some 
practical solution, which appeared at the present time to be impossible. 
Still they did not know : the discussion, he hoped, would lead to some 
happy, bright idea which might assist in solving the problem. 

Mr. Prank Caws said he had read this paper somewhat differently 
from Mr. Watson, for the author's statements did not appear to him to 
be in conflict with Mr. Watson's view as to what was the greatest stress 
that would be brought by water pressure against a ship ; but the paper, 
as he (Mr. Caws) understood it, dealt more particularly with what they 
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must all acknowledge to be a very severe stress, and, with all due 
deference to the last speaker, his own opinion was that it was a very 
much more severe stress than the one Mr. Watson had spoken of. 
Mr. Camps did not treat so much of the pressure of the water against 
the side of the ship as of the pressure of one vessel closing, grinding, and 
jarring against another, or against a quay wall ; and he did not attempt 
to give the amount of that pressure further than to regard it as the 
most severe to which a vessel is ordinarily subject. He assumed it may 
act on a certain point of the ship's side or thereabouts, and then, without 
pretending to estimate (as would be impossible) exactly what that 
pressure would.be, he went on to examine the strength of the ship at 
that part, and to see how much side pressure the ship would bear at 
that part, without passing its limit of elasticity, so that when the stress 
was removed the ship would be self -restored to her original shape. He 
(Mr. Caws) thought that in these respects the method of reasoning 
pursued by the writer of the paper was original and quite justifiable. 
At the same time, he quite appreciated and united with the view of the 
last speaker that the pressure of the external displacement meeting the 
internal deadweight would undoubtedly take effect most severely on the 
floor of the ship ; but as to whether the frames being more widely placed 
would so weaken the ship as to render her unable to withstand that 
vertical pressure, was a very wide subject which he would not now 
attempt to discuss. There were, however, one or two other points 
in the paper to which he would like to draw attention. In reading the 
paper he was greatly struck by the modesty of the writer. It seemed to 
him that Mr. Camps had written a paper, very valuable in its suggestive- 
ness, without himself forming a very high estimate of what he had done ; 
and in that respect he noticed one feature (or rather the absence of a 
feature) which he thought nothing but the writer's excessive modesty 
accounted for. The title of the paper related expressly to considerations 
affecting the transverse framing of ships. But the author had left out 
his own proposed special improvement in ship construction, and on being 
privately asked why he had done so, he said he did not like to announce 
1 own work. He (Mr. Caws) thought it a pity Mr. Camps should thus 
\ over and ignore his own work when, as in the present case, it bore 
very distinctly on the subject in hand. Now, the point in question was 
with reference to the hold stringers. Mr. Camps, in his paper, had dealt 
with these features, assuming that they were constructed in the ordinary 
manner. It was evident from the diagrams that he had made his 
calculations upon that basis ; but independently of that altogether, and 
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quite apart from the preparation of this paper, Mr. Camps, as a practical 
naval architect, had previously worked out a system or method for 
improving the construction of these hold stringers, and he (Mr. Caws) 
held in his hand a sheet of sections (see Plates XVII 1. and XIX.) giving 
specimens of the method by which Mr. Camps proposed to construct 
these features. He thought these diagrams gave a further elucidation 
of the subject of the paper, seeing that hold stringers were connected 
with the frames, and that the title of the paper was '^ Some Considera- 
tions in Connection with the Transverse Framing of Ships." In order 
to justify what he had said, he would read a few particulars from this 
sheet of sections. There were four specimens of hold stringers, 
which appear to be designed for four different ships, numbered 1, 
2, 3, and 4, and in each of these specimens the usual method of con- 
structing the hold stringers was compared with the proposed method, and 
this was how the two methods compared : By the present method the 
sectional area of the No. 1 stringer was 23^ square inches, and the bend- 
ing moment was 1,699 inch-tons, but by Mr. Camps's proposed new 
method the sectional area was only 14*85 inches, and the bending moment 
was 1,911 inch-tons. So that for very much less sectional area and 
correspondingly less weight a much greater bending moment and corre- 
spondingly greater stiffness would be obtained. Now, by the ordinary 
pattern No. 2, a sectional area of 23j square inches gave a bending 
moment of 2,241 inch-tons, while by the new method 16*7 square inches 
sectional area gave a bending moment of 2,284 inch-tons, so that here 
again they had a sectional area of 15*7 as compared with 23*75, giving 
practically the same or even greater strength. He submitted that that 
was very important. They had in No. 3 design sectional area of 1^*99 
square inches by the old method, giving a bending moment 1,339 inch- 
tons, as compared with a sectional area by the new method of 13 2 square 
inches and the same bending moment 1,339 inch-tons, again showing a 
decided advantage. In the last example on the sheet, viz., No. 4, they 
had a sectional area of 12*42 square inches, and a bending moment of 
348 inch-tons by the old method, as compared with the new method of 
9*5 square inches sectional area, and a bending moment of 351 inch-tons. 
He thought this sheet of sections would be a very useful and practical con- 
tribution to the subject if embodied with the printed Transactions^ for with 
the diagrams before them they would see how (if the figures on the sheet 
were correct) they could get the same strength with considerably less 
weight of material. So far as he understood it, this new method, which 
appeared to be patented, obtained its excellent results by means of sections 
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specially rolled, having the larger flanges placed farther than ordinarily 
from the neutral axis, so that their sectional area obtained more stiffening 
leverage, and thus made the new kind of hold stringers either much 
lighter for the same stiffness or much stiffer for the same weight, as com- 
pared with hold stringers now in conmion use. Moreover, these specially 
rolled hold stringer sections involved less riveting than by the ordinary 
built-up method, and he (Mr. Caws) thought they would all agree with 
him that where all other things were equal, the fewer rivets the better. 
He thought if Mr. Camps had put that important result of his inventive 
faculty into his paper on this occasion nobody would have blamed him for 
doing so, for it seemed to belong to the subject. Another point he 
should like to call attention to in regard to the general question, as to 
whether frames could be safely placed wider apart, was that the writer of 
the paper indicated that the tendency of the shell plating to buckle under 
longitudinal compressive stress was one of the limitations. In fact, he 
said it was the first limitation which occurred, and which prevented the 
wider spacing of the frames. Now, in that connection he should just like 
to mention one thing which struck him very powerfully, viz., the 
great superiority of those joggled shell plates recently introduced by 
Messrs. Doxford, in this respect, that when it came to a question of the 
shell plating resisting compressive longitudinal forces in the process of 
sagging or hogging, then he thought the joggled shell plates had a special 
value, through their flanged shape, which certainly enabled them to offer 
much greater resistance to buckling under fore and aft compression. He 
would not detain them by any more remarks, except to say that, although 
he had not found time to examine the details of the writer's calculations, 
and though the writer himself frankly stated, and repeatedly stated, that 
the subject, from a purely mathematical point of view, could not be 
explored, the stresses being too complexedly extended to permit of definite 
measurement, yet certainly he (Mr. Caws) thought they must all approve 
of the way in which Mr. Camps had gone about the work of analysis, 
as showing generally, if not particularly, the tendencies of these incom- 
putable stresses, and as giving them one and all, as students of a difficult 
problem, a more thoughtful appreciation of the case than they ever had 
before. He, therefore, felt personally very much indebted to the writer 
of the paper. 

Mr. G. M. Brown said it seemed to him that Mr. Camps led them 
to understand in his pai>er that the maximum stress on any frame was 
28 tons |HT s(|uai*e inch, and on that assumption, he used a formula for 
the limiting dotiection, viz. : — 
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Now, he thought Mr. Camps was not quite right in using the stress of 
28 tons per square inch, for that was the breaking strength of the 
material. Long before that stress was reached the plating and frames* 
would be permanently deformed. Moreover, the formula for the deflec- 
tion of a beam loaded in the middle, 

,_ WL3 

^ " 48Er 

is obtained on the assumption that the strain is at all points proportional 

to the stress, and cannot therefore be expected to apply when the elastic 

limit is passed. Another point was in connection with the formula — 

, L 
'^=500* 

This formula would doubtless be quite correct if they could make the 
beams perfectly similar as regarded the ratio of depth to span and as 
regarded the distribution of the material over the cross section ; but Mr. 
Camps did not give any guarantee that the beams to which he applied 
this formula were exactly similar ; in fact, Mr. Camps applied it to both 
frames and stringers, the proportions of which dififered widely. There- 
fore he did not think that the indiscriminate use of this one formula was 
justifiable. The greatest safe deflection a beam could have was certainly 
proportional to the length, but it depended also on the ratio of depth to 
span, and on the distribution of the material in the flanges and webs. 
As length of beam increased, of course the safe deflection increased. 
To illustrate this point he had worked out a case or two from the 
formulae used by Mr. Camps. He found that when the ratio of semi- 
depth to span was 1:12, the limiting deflection was 

. L 
^=l630" 

When the ratio of semi-depth to span was 1 : 63 the limiting deflection was 

. L 

^^=291' 

and not L -r- 1,530. Again, with a ratio of semi-depth to span of 1 : 43 
the limiting deflection was 

'^=427' 
Now, the great difference in these figures, he thought, supported his 
objection to Mr. Camps's use of the one formula. With these excep- 
tions, he thought Mr. Camps's paper was very interesting. Mr. Camps, 
if he had done nothing else, had shown the difliculty of estimating 
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with auy degree of accuracy the stresses to which the frames and 
plating of a ship were subjected^ even under the simple conditions he 
assumed. How much more difficult, then, must it be to get any idea of 
the stresses when the ship was at sea and being buffeted about in the 
-manner so well described by Mr. De Busett. 



(Communication.) 

BiRK Hbads, Marley Hill, Swalwbll, B.S.O., 

March 28//t, 1898. 
Dear Mr. Duckitt, 

With reference to my remarks at the last General Meeting it will 
perhaps be as well for me to state how I arrived at some of the figures 
given therein, in connection with the '^ limiting deflection ^' of beams. 

The formulae from which they are derived are : — 

^=48BI ^^^ 

M = -^ (2) 

y 
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For a beam loaded in the middle we have also M = — — , and using this 

and (2) we get in place of (1) : — 
which may be written in the form : — 
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Taking for illustration the case of a rectangular section, or any section in 
which y is half the depth, and assuming the elastic limit of mild steel to 
l>e 8^ tons per square inch, we have in the case of a beam whose span is 
twelve times the semi -depth //, 

«/= ^ 

12 X 18,000 1 
" 8i 12 

^ L 

1,580' 
uiul siniilarlv for other Wains in wliich the mtio // : L is different. 

Yours faithfully, 

Oko. M. Brown. 



DISGUSSIOK — THE TRANRVBRSB FRAMING OF'SHIPS. 171 

The Vicb-Prbsidbnt said he did not propose to ask Mr. Camps to 
reply to the discassion that eyeniBg, as the various speakers had intro- 
duced matter of great interest and which, no doubt, Mr. Camps would 
desire to fully consider. He, therefore, declared the discussion now 
closed, and Mr. Camps to reply at the next meeting. He thought Mr. 
Camps should be well pleased with the diversity of the criticism, which 
strongly established the value of his paper. It had always been a pleasing 
feature of their meetings that gentlemen did not hesitate to come forward 
and give their views, and although they might be quite opposed to the 
writer of the paper, yet it was done in such a friendly manner that the 
writer could not feel other than flattered. 
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SOME POINTS OF INTEREST IN THE DESIGNING OF 

CARGO STEAMERS. 



By ARDAGH E. LONG, M.A. 



[RBAD BBirOBB THB INSTITUTION, IN NBWCASTLB-UPON-TrNB, ON FbIDAY, 

Maboh 18th, 1898.] 



Nnmerous papers have been read before this Institution upon the 
relative value of different types of vessels, and upon their structural 
strength. In the following notes the writer takes up what may be called 
a later stage, where the general type of ship having been decided upon, 
the designer has to select suitable dimensions, and work the given 
requirements into the best form practicable for a sea-going vessel. 

The subject is much too large to be completely treated of within the 
ordinary limits of a paper, therefore the points of interest selected are 
those which may be readily discussed ; the object being moi*e to elicit a 
useful discussion than to dogmatically lay down the writer's own views. 

The Dimensions and Coefficient. 

The selection of suitable dimensions to carry, say, a given dead- 
weight, is a much more difficult problem than it appears to be at first 
sight. Questions of costs, rules of the registration societies, draught of 
water, stowage of particular cargoes, etc., all interfere with the production 
of an ideal vessel from a theorist's point of view, and the resulting com- 
promise is generally far from being satisfactory to him. The student of 
pure naval architecture would probably want for the purpose a relatively 
large vessel, while, on the other hand, the financial man wants small 
dimensions to reduce cost, and small draught to extend the vessel's 
sphere of action. 

Keen competition, both amongst ownei-s and builders, has gradually 
pushed the financial side of the question to the front at the expense of 
the other. Whether the recent advances in proportions and fulness are 
really advantages, even from a commercial point of view, is questionable. 
The resjKJctive values of the three dimensions, length, breadth, and 
depth, can l)e best illustrated by considering how nmch of each separately 
is required to obtain a given increiise of displacement when working 
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from a previous design. We will take for our example a vessel of such 
dimensions that the question of Lloyd's numerals will not interfere with 
the comparison. The ship is, say, 400 feet by 50 feet by 84 feet 6 inches, 
mean draught 26 feet, 11,460 tons displacement, and about '77 block co- 
efficient. It is required while retaining the same coefficient to increase 
the displacement to 11,900 tons. This can be done by adding 16 feet 
length, or 2 feet breadth, or 1 foot 6 inches depth, the latter giving an 
increase in draught of 1 foot. The respective additions to the structural 
weights will be about 100 tons, 48 tons, and 38 tons. In the case of 
length the freeboard rules would require an addition of depth, but to 
avoid confusing our example we can assume that the sheer is increased 
sufficiently to allow us to retain the same depth, weight being allowed 
for this. The costs need not be here gone into, but would be nearly 
proportional to the added weights. The great economy of depth as a 
means of getting displacement is clearly seen in the foregoing, and when 
it is recollected that depth is a valuable element for structural strength, 
and that a relatively deep draught vessel is usually an easy one in a 
sea-way, it is greatly to be regretted that limits of draught in 
mercantile harbours and the Suez Canal debar the designers of 
modern large vessels from going to anything like the draught that they 
know to be desirable. As a contrast to depth the great cost of length 
is very apparent, and it is not surprising that where draught is so 
strictly limited, breadth, which is a much less extravagant dimension 
than length, should be so largely used, especially now when the old idea 
that breadth in itself is antagonistic to speed is abandoned. 

The foregoing is rather an elementary method of looking at the 
question, and a further going into details will indicate that length is 
even more inefficient for our purpose than we have shown. Lloyd's rules 
put a heavy penalty upon lengths beyond certain arbitrary proportions to 
depth ; in fact, beyond 1 3 depths it is almost prohibitive. The ground 
for this penalty is the excessive strain put upon the structure of the 
vessel by increasing her length with a constant depth. We are, however, 
left at complete liberty to go to any ratio of breadth to depth, although 
we may thereby produce a vessel which will strain severely by excessive 
stability. 

The problem that usually presents itself to the designer is generally 
stated in the form of increased deadwei«(lit, not as we have taken it, dis- 
placement ; and this aspect of the case tells still more against length, 
as we would require a further addition to make up for the increased 
weight. Length also, as has been previously mentioned, is an element in 
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tJie freeboard tables, and any small increase involves an addition to the 
depth, reduction of draught, or increase of sheer. When we take into 
consideration Lloyd's numerals there is another objection to using length 
largely. In modern double-bottom vessels a change of longitudinal 
numeral is of much more importance than one in the transverse numeral, 
as the shell, double bottom, decks, extreme proportions are all governed 
by the former. The very large increase in length required to get a small 
addition to the displacement is thus very objectionable from a financial 
point of view. 

A curious anomaly with regard to depth may be here mentioned as a 
contrast. It is in many cases possible, owing to the working of Lloyd's 
extreme proportions rules, to increase the depth, and consequently the 
size, of the vessel with an actual reduction of structural weight, as the 
additions for extreme proportions of length .to depth may easily exceed 
what we add to the weight by adding to the numerals. 

Breadth is, as we have seen, about one-third more costly than depth, 
while being itself about one-half that of length ; it has the advantage 
over length and depth in that it does not directly appear either in the 
extreme proportions table or in the freeboard rules. It also api)ears only 
once in Lloyd's numerals, instead of twice for the depth. From the 
tendency of modern practice to take breadth in excess, this latter feature 
of the numerals is rather regrettable, as an increase of the tax upon 
breadth and a corresponding reduction for length and depth might prove 
a wholesome check upon excessive stability proportions. 

The proportion of length to beam is frequently discussed as if it 
practically fixed the stability of the vessel : proposed dimensions are 
condenmed because the length is too many " beams " to suit the critic's 
ideas, without any regard to the really important proportion of depth to 
breadth. The reason for this strange mode of treating the (luestion is 
probably due to the fact that on other grounds depth, roughly speaking, 
varies as the length ; but the possible ditl'erences are so considerable that 
serious errors may arise from this summary treatment of stability. A 
little consideration will show that no proportion of length to breadth 
is necessarily unstable, provided that the depth is suitable to the ])readth. 
A stiff ship of, say, 8 l)eams may, as far as sta])ility is concerned, be 
increased to 50 beams or more. 

The changes in pro})ortions within the List quarter of a century have 
l>een curious, and tra(xjable in some instances to imperfect conceptions 
of the beliaviour of floating bodies. The narrow three-decked vessel, 
about the dangers of which so much Wiis written, sprang from the idea 
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that increase of breadth meant increased resistance, and somewhat hazy 
notions of stability. Greater breadth relatively to both depth and length 
came into fashion first as a correction of the lack of stability, but 
another influence came later into prominence, and many modern steamers 
so far from being deficient in metacentric height, are seriously overdone 
with it. The early cargo steamers, owing to their small size, were given 
without disadvantage relatively considerable draughts, and in that respect 
were better than many vessels now built. The size of vessels has rapidly 
grown, but no corresponding growth of available depth of water has 
followed, consequently expansion has had to be in the direction of either 
length, breadth, or both. It has already been shown why breadth has 
had the preference, and the increase of breadth, with a nearly stationary 
depth, has produced vessels with some highly objectionable features. 
The metacentric height, even when loaded chock full, is frequently over 
3 feet, and when in ballast G.M's. of 7 to 10 feet are not uncommon. 
The proportions also are such that no ordinary mode of fitting water 
ballast will give a reasonable immersion of propeller ; and when we add 
to this excessive rolling, the performance of such a vessel in a sea-way is 
necessarily very poor, if a stronger term might not be applied. The 
small immersion of rudder also tells heavily against the steering, especially 
in very full vessels. 

It is a serious question whether the mania for breadth and fulness 
has not been carried a great deal too far for practical purposes, and 
whether a rather finer, narrower, and larger vessel would not in the end 
more than make up for her larger first cost. The working expenses 
would probably be less, as better and more regular passages would be 
made ; cargoes could be carried which would almost knock the wide 
vessel to pieces, and some other minor advantages would accrue. 

The introduction of large cargo carrying spaces upon the upper deck 
has much complicated matters, as a ratio of breadth to depth, which 
gives a satisfactory G.M. when these spaces are full, gives an excessive 
one when in ballast or light. 

In fixing upon the proportion of depth and breadth errors may easily 
be made which afterwards are incurable, so that a little care in this 
respect is necessary. One of the cases where insufficient consideration 
may lead to serious mistakes is where sufficient notice is not taken of 
the effect of these very large deck erections upon the vertical centre of 
j^M'avity when loaded. To check proposed dimensions a convenient way 
is to calculate from the drawings of vessels of the required type, whose 
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centre of gravity in different conditions is known, a maximnm ratio of 
depth to breadth, which will give some standard metacentric height. 
As this is for a rongh guide to dimensions it is not altogether desirable 
to select an actual minimum value, but some height which will allow a 
small margin for differences in deck fittings, etc., in vessels of the same 
type. A standard height of 1 foot appears to meet the case, and the 
necessary calculations can be easily made, as the inclining of vessels for 
their centre of gravity is now a common practice. 

When a table of these proportions for various types and sizes has 
been made, or, better still, a diagram, no error can arise in the pre- 
liminary work. The ratio of depth to breadth will vary in large vessels 
as generally fitted from about '63 in complete shelter deck vessels to 
nearly '70 in vessels having no cargo erections. A table giving minimum 
ratios might also be useful in places where very broad vessels are built, 
to avoid excessive height of G.M. It might seem at first sight possible 
to construct such tables as would be universally applicable ; this, however, 
is not the case, as differences in rise of floor, relative fulness of water- 
lines, above and below, might make proportions satisfactory for one 
designer and unsatisfactory for another. 

The advance in block coefficient of displacement is a subject upon 
which most designers are agreed, namely, that it has long since passed 
the bounds where it is possible to make a desirable vessel, and it is to be 
hoped that further experience of vessels beyond '8 coefficient will lead to 
their dropping out of fashion in the same way as the old unstable three- 
decked vessel. As before pointed out it is probable that, even from a 
commercial point of view, better results would be obtained by a con- 
siderable retrograde movement, and this is a serious question affecting 
shipowners. 

For some time after coefficients began to develop rapidly the 
designer was, to a certain extent, enabled, by reducing rise of floor, 
lengthening the parallel middle body, etc., to maintain reasonably fine 
ends ; now, however, the midship section is so nearly rectangular that 
with the present form but little more can be got in that dii*ection. The 
parallel body is as long as practicable, and there is nothing left but to 
fill out the extreme ends. As experience seems to show that the 
behaviour of the vessel is largely governed by the fulness or fineness of 
the extreme ends, a further advance in coefficient will speedily render an 
attempt to get fairly good steering qualities, and efficiency of propeller, 
impossible. 

VOL. XIV -IWH. 15 
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Arrangement of Displacement. 

The best longitudinal arrangement of the displacement, as shown by 
the curve of sectional areas, is an interesting problem, and upon it a 
a good deal of the efficiency or otherwise of the vessel depends. Practically, 
the choice of form is between that having a short middle body and full 
ends, and one having a longer middle body and finer ends. The two 
types are shown in a rather exaggerated way in Fig. 1 (Plate XX.). 
Type A is the older, and has now been to a considerable extent replaced 
by type B. By extending the middle body, a corresponding piece of 
area can be removed from the ends, giving a better bow for driving 
against a head sea, and a cleaner run aft for the propeller and rudder. 

Where there is any difficulty in getting stabihty form B is greatly 
superior to form A, as the form of the water-lines, following the general 
character of the curve of sectional areas, yields a greater moment of 
inertia by removing the part X to Y, where it is at a considerably greater 
distance from the middle line, and so gives a greater height of meta- 
centre above the top of keel. The relative fulness of the fore and after 
bodies is generally indicated by the longitudinal position of the centre of 
buoyancy when the vessel is down to her load draught and trimmed on 
an even keel. This point is a convenient one, but rather too much 
importance is sometimes given to its exact position, some designers 
having a particular location for it, from which they are very loath to 
depart. The reason why considerable latitude appears to be allowable 
from a resistance point of view is that while keeping the same position 
for the centre of buoyancy, a great variety of form of ends is possible. 
Ships having sectional area curves of the types A and B (Fig. 1, 
Plate XX.) may have the centre of buoyancy in the same position, but 
their merits may be very diflFerent. In old vessels the after body was 
generally made the fullest, and the centre of buoyancy well aft ; in fact 
a study of the lines of some of these vessels would almost lead one to 
suppose that the designers considered that the resistance of the after 
body and efficiency of the propeller were subjects which might con- 
veniently be neglected. Modern practice is rather a reversal of this, as 
we find vessels built for special pui-poses with their centre of buoyancy a 
long way forward of the middle. Many of these craft are excellent per- 
formers if the arrangement of the extra fulness forward is carefully 
made so as to avoid too blunt-ended a bow. The question of trim is an 
important one in the disposition of displacement, but is too large to be 
adequately dealt with in a subsection of a paper ; but it may be 
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mentioned that many vessels which now trim by the head when loaded 
full might have been designed to trim on an even keel, or by the stem 
without detriment to their general efficiency in other respects. 

The form of the vertical sections appears to be very important for 
good sea-going qualities, especially those of the fore end, and care in 
designing them will generally be very well repaid. The midship section 
in old steamers generally had a considerable rise of floor, easy bilge, and 
a good deal of tumble home. The high bilge was almost a necessity in 
the narrow three-deck vessels for stability, but strangely enough their 
designers often overlooked the great loss of transverse moment of inertia 
of load-line caused by starting the tumble home low down. This was a 
curious error for men who discussed keenly small differences in rise of 
floor. The march of block coefficients has driven the modern designer 
to a midship section closely approaching a rectangle ; this, while being 
very desirable for the sake of the ends, has some disadvantages as a set 
off against its merits. The weight of the double bottom or floors is 
increased, but, on the other hand, there is more capacity for water 
ballast. The greater girth may get us into unpleasant relations to one 
of Lloyd's grades— a serious matter in some cases. The filling out of the 
bottom of the displacement curve also makes the vessel more difficult to 
ballast down to a respectable draught. On the whole, however, the full 
midship section is a more satisfactory way of disposing of displacement 
than in very full ends. 

The fore body sections in the early vessels were generally V shaped, 
both to get greater load-line area, and also to get fine lines deep down, where 
resistance was assumed to be greatest ; this latter idea we now know to 
be erroneous. The chief defect of this form, apart from the excess of 
stability which it would give broad vessels, is that the maximum angle 
of entrance is at the water-line ; and as diverging wave-making, which 
is a surface phenomenon, is governed mainly by the fulness of the vessel 
near the water surface, an unnecessary resistance may be incurred. Also 
in full vessels V sections practically mean convex water-lines at the deep 
draught, giving the greatest anjrle right forward at the stem. The wave 
is thus piled up into a short high form, which it is reasonable to suppose 
requires greater power to maintain than a lower but longer wave. In 
Fig. 2 (Plate XX.) the convex water-line is shown by A, where the greatest 
angle is at the after edge of the stem. If we carry the gi-eatest breadth 
farther forward the area so gained can be cut away near the stem, giving a 
finer angle for a considerable distance back ; B shows such a line. A still 
further reduction of angle may be made by filling out the lower water- 
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lines (generally hollow in old vessels) and cutting away an equal volume 
about the load-line. This alteration, in conjunction with the practice of 
rounding up the fore foot, gives the well-known U or club-footed 
sections. An additional advantage of this section is that the bow is in a 
more compact form, and covered by a relatively smaller wetted surface, 
such a reduction being especially valuable right forward, where frictional 
resistance is most intense. The cutting away of the fore foot may, how- 
ever, be very easily overdone, and a vessel produced that hammers very 
badly forward in a head sea when light or in ballast. 

Above water, if the U form is carried up to the forecastle, a very wet 
vessel as compared with the V bow, will be the result, and one very 
deficient in forecastle deck area. 

An even drier bow than. the old V can, however, be had by turning 
the U sections above the usual height of bow wave, out into a quick 
hollow flam ; a hollow curve of this sort appears to have a remarkable 
effect in deflecting broken water outwards, even if the total overhang is 
moderate. The requirements of the after body are rather different from 
those of the fore body, and the presence of the propeller complicates 
matters greatly. Taken broadly, it may be stated that a form which is 
good for resistance is also good for efflciency of the propeller, but not 
necessarily so, as for instance a form of section which gives an easy flow 
of water to the propeller disc, may yield a greater area of surface than 
another which gives normal lines in a less favourable direction. As the 
whole volume of water meeting the propeller will have its direction to a 
very considerable extent governed by the form of the after body, a slight 
variation of form not materially affecting the resistance may greatly 
affect the performance of the propeller. Generally, sections which have 
a large amount of club foot, and are rather hollow at the height of the 
centre of the shaft, give normal lines more nearly parallel to the line of 
shaft, and at right angles to the plane of the disc, than V shaped sections 
do ; but the girth and surface is rather more for a given area of section 
(see Fig. 3, Plate XX.). In special cases, such as when a full vessel has to 
be driven more than the usual speed, the projection of a few normal lines 
at an early stage of the design may be useful to show if an alteration in the 
shape of the sections is desirable. The value of club-footed sections aft 
for structural strength is too obvious to require more than a passing 
notice ; how the older form lasted so long in fashion it is now difficult 
to imagine. An increase of water ballast aft, where most required, is 
also an advantage worth considering. One of the most important points 
about club-footed sections is the removal of the excessive hollow in the 
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lower water-lines found in old full vessels ; there can scarcely be any 
doubt that these hollows caused a considerable amount of dead water to 
be carried along with the vessel, injuriously affecting the efficiency of 
the propeller and the rudder. 

In the foregoing: it has been assumed that the almost universal 
profile of vessel with a nearly vertical stem is adopted. It may, how- 
ever, be questioned if this is really the most effective form. It is 
probably much superior to the old clipper stem, trail boards, etc., finish- 
ing up with a figure of a lady with curious anatomy ; but some form of 
overhanging bow might prove better than the fashionable one. Some 
vessels built on the North-East Coast have a species of compromise 
between the straight and the clipper stem, having a slight projection at 
the stem head. In the specimens which the writer has seen this is 
carried sufficiently far to look very ugly, but not far enough to be an 
appreciable advantage. If a stem of this sort were carried out so as to 
have a curve in harmony with the general character of the hollow flam 
previously described, for a small addition to the weight a considerable 
gain in dryness could be obtained. If designed with care, the appearance 
— if novel — might be made pleasing, but it would be quite as easy to spoil 
as the double knuckle stem. 

Other possible bows might be considered, such as the spoon seen on 
the American whale back, and modifications of it. From some rough 
experiments, and the surprisingly good performance of modern yachts, 
the writer is inclined to think that some of these forms are su^xirior on 
the score of resistance to the stereotyped one. Few persons, however, 
who have had experience of the yacht bows, when driven hard against a 
head sea, would care to see the relatively thinly plated bow of a large 
vessel put to the same test. Apart from this structural objection, the 
bow is really a good one for bad weather, as but little of the apparently 
tremendous (quantity of broken water thrown up comes on board, even 
when driven at a relative speed unattainable by a low-powered cargo 
l)oat. To remedy the structural weakness would probably involve such an 
juldition to the weight tis to be prohibitive from a commercial point of view. 

Although this paper exceeds the usual limit of len^^th, many interest- 
ing points have had to Ixi altogether omitted, and those given have only 
Ixien dealt with in a somewhat general manner. If, however, these notes 
leiul to a useful discussion, and, iKThaps, to some other member or 
members taking up the points in detail, the writer's object will have 
been attained. 

The thanks of the author are due to Mr. AV. Graham and Mr. T. L. 
Livingston for their kind assistance. 
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DISCUSSION. 

The Vice-President said it was with very great interest he had 
listened to Mr. Long's paper. He thought the author had not only 
treated the subject in a thoroughly practical manner, but that he fully 
realised the modern cargo steamer, particularly from a naval architect's 
point of view, was a compromise. The requirements of the times 
demanded steamers of large tonnage, because, commercially, the larger 
the tonnage on a single bottom the better it paid. There could be no 
scientific consideration as to the relation of length, breadth, and depth in 
a general cargo steamer. The draught was fixed by the depth of water 
on river bars and dock sills, and the tonnage by the commercial require- 
ments of the times. Of course, steamers in certain specific trades were 
not affected by draught, but it was an essential necessity for steamers in 
the general trades (and these were by far the majority) not to exceed a given 
draught. They thus had two definite conditions given, draught and 
tonnage, and with these stipulated conditions the design of the steamer 
had to be worked out to Lloyd's requirements, and at the lowest possible 
cost. Of course, the whole question was a compromise, and could not be 
scientifically considered under these conditions, particularly in steamers 
of 5,000 tons register and upwards There was another compromise 
which naval architects must accept : in some trades it was absolutely 
impossible for steamers to load or discharge without taking the bottom, 
and lying there during low water, with a considerable portion of their 
cargo in. Naval architects, no doubt, would repudiate that a ship was 
ever intended for such purpose. Commerce required it, the ship had to 
do it, and the naval architect must provide for such possibility. As to 
the inefficiency of propulsion of cargo steamers, particularly when in 
ballast, there was a very great deal to be said. Take a modern steamer 
leaving Hamburg or Antwerp in ballast for Cardiff, with just sufficient 
coal to carry her there. Suppose in rounding I^and's End she experienced 
a heavy gale ; it became a most serious matter ; the steamer frequently 
drifting about unmanageable. The (juestion of insufficiency of ballast 
required well looking into. Mr. McGlashan's paper at their last meeting 
had well ventilated that question. There was one peculiarity of the 
modern steamer when cairjlit in a severe gale in ballast which might 
somewhat astonish naval architects, and which, he felt sure, they would 
not admit was considered in the design, and that was, experience proved 
the best thing to do when caught in a heavy gale off a lee shore was to 
di'ive her stern first and keep her at it. 



DISCUSSION — THE DESIGNING OF CARGO STEAMERS. 188 

Mr. E. W. De Rusett said this paper had given him a great deal of 
pleasure when hearing it so admirably read by the Secretary. He had 
not the pleasure of knowing Mr. Long personally, but the results of his 
work were well known on Tyneside in the admirable vessels turned out 
by Messrs. Palmer. With regard to the compromises referred to by the 
author, he was quite sure they could all agree with them ; in fact, ship 
designing was a compromise throughout, and for anybody to say a ship 
could be built to do every kind of work equally well was a mistake. He 
was pleased to observe that the U sections advocated by Mr. Long were 
becoming more commonly adopted. He remembered as early as in 1883 
advocating very strongly this type of section, together with straight or 
slightly convex water-lines ; and, in spite of adverse views on the part of 
the builders, an important vessel was built on these lines, which, when on 
her trial trip, obtained at highest speeds an Admiralty coefficient of 284, 
while the builders had only expected 250, and the speed was 15*496 as 
against 14*5 knots guaranteed. It is interesting to note that at 12 knots 
the coefficient rose to 335. This took place in 1884. She proved 
remarkably dry and sea-worthy. The Vice-President seemed to infer that 
to design a full cargo boat was an easy matter. He (Mr. De Rusett) 
ventured to think that that was by no means the case. When they came 
to design to a block coefficient of 72, it was perhaps easy, while '11 was 
more difficult ; but to obtain a good result with '815 was a very difficult 
task, although it had been obtained in a vessel of large size with an 
average sea speed of 10| to 11 knots. Reverting to the adoption of 
U sections and straight or convex water-lines, he held it to be an 
exceedingly important matter, and thought that the eddies made by the 
water following in the wake of hollow lines had been overlooked for many 
years. His attention had been directed to this subject many years ago 
by the late Mr. Scott Russell during an address before the Institution of 
Civil Engineers, who there taught that every water-line should be of the 
wave form. Now, a careful study of the forms of fishes had convinced him 
(Mr. De Rusett) that in this respect Mr. Scott Russell was in error, for 
all fishes, whose. foims he wtis acquainted with, had, with one exception, 
convex water-lines and U sections, but they all have a hollow curve of 
sectional areas. So, concluding that as they had got such a Teacher as 
the Creator, it were wise to follow His principle and adopt hollow lines 
for sectional areas, but not for water-lines. He remembered a remark in 
the same address which may well be repeated. Mr. Scott Russell said 
that water was priictically incompressible between the vessel's bottom and 
the ocean bed, that it was practically incompressible on every side, being 
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bounded by incompresBible shores. Therefore, the whole of the water dis- 
placed by the vessel as she sped on her course and ploughed out her own 
canal must be brought to the surface. His next point was that the thinner 
and more evenly this water could be spread over the surface, the more 
power would be available for propelling the vessel. But the facility with 
which this was to be accomplished must depend on the form of the vessel, 
and it was for naval architects to solve this problem. The principles 
advocated in Mr. Long's paper were by no means a small step in this 
direction, and for which they would heartily tender thanks to the author. 

Mr. A. Hogg observed that in reading the latter part of the paper it 
was evident that Mr. Long was quite at home with the form of ships, 
and that made it difficult to understand what appeared an oversight at 
the beginning. He gave an example to show the relative values of the 
length, breadth, and depth in order to increase a given ship te a certain 
displacement, to obtain 440 tons the length was increased 16 feet, or the 
beam 2 feet, or the draught 1 foot ; in each case the block coefficient was 
•77 (same as the basis ship). The result was that the long ship was 
finer ended and the broad ship fuller ended than the original. In order 
to keep the ends of the ship practically similar, the dimensions should be 
about 412 feet 6 inches by 50 feet, or 400 feet by 52 feet 10 inches. The 
additional weights would then be 78 tons or 68 tons, instead of 100 tons 
or 48 tons. He (Mr. Hogg) thought the extra expense due to length 
which Mr. Long seemed to enlarge upon was a little bit exaggerated. 
In fact, there were many cases where it might be cheaper to add to the 
beam, but there were others where it was cheaper and better to add to 
the length even though they might, at the same time, require to increase 
the depth to keep within the rules. With the increased length they 
might also reduce the indicated horse-power, which might help to balance 
any addition due to the longer ship. 

Mr. D. Andrew said this was a paper for naval architects, but putting 
aside the question of design on account of its commercial value, un- 
doubtedly the old type of ship, where some regard was paid to fine lines, 
was preferable. From his own experience, he knew the old t3rpe as a sea- 
kindly ship, but this had been ignored for the full ship to carry a big cargo 
upon a small draught, with the result that the ship was built without 
any regard to its beauty, its steering qualities, or, as the Vice-President 
had said, to be in certain circumstances in a position to get off a lee shore. 
The cargo vessel of the present day was simply a big floating warehouse, 
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with no regard to lines to make her a sea-kindly ship. There was another 
feature he would like to draw attention to, and that was with regard to 
the masting of vessels. In the present type of ships the masts were 
placed only with the view of making them derricks for discharging and 
loading. He could look back to his time at sea on board a steamer when 
they met with heavy weather in the Atlantic, stopped the engines, banked 
fires, set the fore and aft canvas, and she would lay head to sea, be as 
kindly as could be, and when the gale was over, set the fires away again. 
They could not do that with the present type of ship on account of design 
and position of masts. Not being a naval architect, still he thought atten- 
tion should be given in the designing of vessels, with some regard to sea- 
going qualities. He found that Mr. Long had drawn attention to that 
where he stated that beam had been rather overdone, also the fulness 
of the vessel. He agreed with him, and thought it time they went back 
to the old lines. He did not say a deep, narrow ship ; but a finer ship, and 
modifying to some extent this great full-bodied warehouse-style of vessel. 
He thought Mr. Long had opened up a wide field for discussion in that 
respect, and he (Mr. Andrew) hoped the Institution would take the 
matter up in a thorough manner, and let them have a full discussion 
upon it. 

The Vice-President said be felt sure Mr. Long would appreciate 
the discussion that had taken place, and as the paper touched many im- 
portant features he hoped members would heartily join in the discussion, 
which was now adjourned to their next meeting. He was much struck 
by the line of argument some members had taken. They appeared 
altogether to ignore, or forget that cargo steamers were not built or run 
as a mere matter of philanthropy. There was no sentiment ; they were 
run purely and simply as a paying commercial transaction, and they 
could rest assured the shipowner had a fair good knowledge as to what 
paid him best. Unless they could go to the shipowner and give him the 
tonnage on the draught which he required and built to Lloyd's require- 
ments at a minimum cost, they might save themselves the trouble of 
putting forth naval architectural features, proportions, or in fact any- 
thing else, for the shipowner would not buy. The shipowner had no 
special interest in caring whether the ship was round, square, or oval, so 
long as it would carry freight to the best possible profit. He asked the 
meeting to join him in appreciation of Mr. Long's paper, and express it 
in the usual way. 

The meeting then dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



FouRTBBNTH Sbssion, 1897-98. 



PROCEEDINGS. 



SIXTH GENERAL MEETING OF THE SESSION, HELD IN THE LECTURE 
HALL OF THE SUNDERLAND LITERARY SOCIETY, SUNDERLAND, 
ON MONDAY EVENING, APRIL 18th, 1898. 



COL. HENRY F. SWAN, J.P., Pbesidbnt, in the Chaie. 



The Secretary read the minutes of the last General Meeting, held 
in Newcastle-upon-Tyne, on 18th March, which were approved by the 
members present, and signed by the President. 

The President intimated that Mr. James Patterson having resigned 
his seat as Vice-President of the Institution, the Council, in accordance 
with Bye-Law 13, had appointed Mr. W. H. Dugdale to take his place. 
Mr. Patterson, it was explained, had gone to Belfast, and therefore could 
not attend. Mr. Dugdale, who was on the Council, had taken an active 
interest in the Institution. 



ALTERATION OF ARTICLES OF THE CONSTITUTION. 

The President, on behalf of the Council, gave notice that at the 
Closing Business Meeting, to be held in Newcastle upon-Tyne, on Friday, 
May 13th, he would move that the following alterations be made in the 
Constitution and Bye-Laws : — 

VOL xiv.-wje. 16 



188 peocbedinos. 

Constitution. 

Article IX. — The Council of the Institution shall be elected from 
and by the Members, and shall consist of one President, the Past- 
Presidents, ftifte eighteen Vice-Presidents, fifteen Ordinary Members of 
Council, and an Honorary Treasurer. 

Article X., first paragraph. — The President and Honorary Treasurer 
shall be elected annually. Three Vice-Presidents and five Ordinary 
Members of Council shall be elected annually. The retiring Vice- 
Presidents shall he those who have served six years^ and Ordinary 
Members of Council shall be those who have served three years from 
their last election. 

Bye-Laws. 

Bye-Law 11, second pai'agraph. — Any voting paper returning either 
more or less than one President, »me eighteen Vice-Presidents, one 
Honorary Treasurer, and fifteen Ordinary Members of Council, shall be 
disqualified for the section or sections in which such errors occur, and 
the votes shall be lost for the said section or sections. The votes given 
as President, to a Member who is not elected President, shall count to 
him as a Vice-President ; the votes given as Vice-President, or Treasurer, 
to persons not so elected, shall count to them as Ordinary Members of 
Council, unless they have just completed a term of office in such capacity. 

Add to Bye-Law 33. — A synopsis of the suhject-maiter of each paper 
shall he forwarded to the Secretary^ hy the writer, for insertion in tlie 
circular convening the meetifig at which the paper is to he read. 

Note. — The proposed alterations are printed in italics. 



RETIRING MEMBERS OF COUNCIL. 

The President stated that, in accordance with Article X. of the 
Constitution, the following gentlemen would retire from the Council : — 
President — Col. H. F. Swan (not eligible for re-election) ; Vice-Presi- 
dents—Mr. J. Gravell, Sir William Gray, and Mr. D. B. Morison 
(eligible for re-election) ; Hon. Tretisurer— Mr. G. E. Macarthy (eligible 
for re-election) ; Ordinary Members of Council — Mr. W. H. Dugdale, 
Col. English, Messrs. J. B. Furneaux, R. Readhead, and J. Walker. 
(These are not eligible for re-election). 
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NOMINATIONS. 

The President said that, in accordaoce with Bye-Law 11, on behalf 
of the Council, he would nominate the following gentlemen to be balloted 
for to fill up the vacancies :— President -Sir Benjamin 0. Browne, 
D.C. li. ; Vice-Presidents (if the proposed alterations in the Constitution 
are agreed to, twelve will be elected, if not, three only will be elected) — 
Messrs. O. H. Baines, W. J. Bone, Gr. Clark, Arthur Coote, John 
Dickinson, C. D. Doxford, Sir William Gray, Messrs. G. B. Hunter, 
Arthur Laing, D. B. Morison, John Tweedy, Col. P. Watts, and 
Mr. T. Westgarth ; Hon. Treasurer — Mr. G. E. Macarthy ; Ordinary 
Members of Council (five to be elected) — Messrs. W. Hok, W. C. 
Mountain, H. B. Rowell, A. G. Schaeffer, G. W. Sivewright, and Henry 
Walker. 



The President said the Council had long felt that it was desirable 
to increase the number of Vice-Presidents with the object of enlisting 
the sympathies of gentlemen of importance connected with the large 
works, and to give them, as it were, a permanent interest in the Institu- 
tion. That was the object in making the increase in the number of Vice- 
Presidents from nine to eighteen. It was felt also that Vice-Presidents 
should not be liable to be changed so frequently as three years, and there- 
fore it was proposed that the election should be for six years. It was 
competent for any member at that meeting to add to the list, either of 
Vice-Presidents or Members of Council. If there were any new nomina- 
tions he would be glad if they were handed in now. 

No additions were proposed, and the list was closed. 



Mr. H. E. J. Camps replied to the discussion on his paper on " Some 
Considerations in Connection with the Transverse Framing of Ships." 

Mr. Ardagh E. Long's paper on " Some Points of Interest in the 
Designing of Cargo Steamers " was resumed and adjourned. 

Mr. James Andrews read a paper on " Cylinder Ratios." 



\ 
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MR. H. E. J. CAMPS'S REPLY TO THE DISCUSSION ON HIS 
PAPER ON "SOME CONSIDERATIONS IN CONNECTION 
WITH THE TRANSVERSE FRAMING OF SHIPS." 

Mr. H. E. J. Camps said Mr Brown, in his able criticism of the paper, 

had objected to the use of the ratio of — r for the span to the deflection, 

on the ground that the maximum stress on the frames had been assumed 
at 28 tons per square inch. This was hardly so, for the deflections had 
all been taken as being those conforming to the safe, or, as should 
properly have been stated, the proof load on the frames. It was, of 
course, quite evident that the frames would have become permanently 
deformed long before the maximum stress of 28 tons had been attained. 

He also complained that the ratio — ^ had been used indiscriminately for 

both frames and stringers, when those items varied very considerably in 
their proportions. Now, it would be observed that as regarded the frames 
they were in each system of framing supported at different points of their 
lengths by the various stringers, which themselves gave way to a certain 
extent, owing to the load on the frames. In the system to which 
attention had been mainly confined, the points of support were propor- 
tioned off at 4 feet 9 inches, 4 feet 6 inches, and 3 feet 6 inches, but 
there was a definite fixed support at each end. In the case of the 
stringers there was no definite fixed support at each end, except at the 
bulkheads, which they did not deal with in determining the possible 
spacing of the frames. 

Prof. Rankine, in his work on Ciml Engineering^ had dealt very 
fully with the question of deflection, and he gave the proportions as 
varying for working loads from ^^J^ to jjVitj ^^^ ^^r proof loads from 
^\j5 ^ insJS' ^^^y indejKindcntly of these ratios. Prof. Rankine gave a 
formula by which they might be obtained. That formula was as 
follows: — 

/ ~ 4E V 

where j was the proportion of the greatest depth of the beam to the 

span ; the ratio of the span to the deflection; *^'* -'^ the proof strain. 
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which he gave as being about ^ the ultimate strain ; and n (a factor 
depending on the nature of the beam and the distribution of the load), 
for their particular case taken at ^. The formula for ratio of deflection 
to span then became — 

Z ~ 4E h 

and, utilising this, they got — 

T = 3-x 4x13,000 ^^ = ^^^^^^ 
for the span between D and E (Diagram 8, Plate XIV.), and — 

T = 3 X 4 X 13,000 ^ ^^ = ''^''^^ 

for the span between C and B. Now, in the latter case, between the 
imaginary point of loading and the two extreme points of support, which 
were fixed, there were two other supports which were not fixed, but still 
gave a certain amount of support, and quite sufficient to make a great 
reduction in the ratio ^o, bringing it nearer the j^. The paper did 
not pretend to take the ratio as being absolutely and infallibly correct, 
for such would be impossible for all cases, and could only occur by guess- 
work and the merest chance. Therefore the ratio of r^rrr was taken, not 

500 

only because it was considered to be fairly close to the mark, and at any 
rate near enough for the purpose for which it was used, but primarily 
because it seemed a good mean ratio to apply to all the examples, and, 
by so using it in all cases, to avoid those complications which would 
probably have made the subject most unnecessarily incomprehensible. 
With regard to the stringers it would be observed that it was necessary 
to assume a certain ratio in order to obtain points of extreme support, 
or, in other words, the length was based on the deflection, and that in 

choosing the ratio of — — it made no difference to the results, which 

were purely comparative. He also would like to point out that, instead 
of the expression " safe deflection " used in the paper, it would perhaps 
have been better to have written "convenient deflection," as Prof. 
Rankine termed it ; and it should also be understood that this signified 
convenient as against permanent deformation due to heavy strains, and 
not against rupture or leakage, with which, theoretically, it was impossible 
to deal. Again, the paper had dealt exclusively with the straight sides 
of the ship, and it was quite evident that on the bilges the ratio men- 
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tioned of ^zrz: would be much less, owing to the gi-eater natural rigidity 

of the frames and stringers at those parts, due to form. In the constant 
of j^ which Mr. Watson referred to in the formula : — 

W = - -^ , 

and which was used in determining the compressive strength of the hold 
beams, he, unfortunately, could find no constant for mild steel pillars of 
the section that the hold beams were built up to, and consequently had 
to approximate it from the nearest that could be found, which happened 
to be for wrought iron pillars. For such pillars of I section, the constant 
was ^Jiy, and making the necessary allowances for difference of material 
it woald seem that ^J^ 'vvas not far wrong. Later on in the paper, where 
the same formula had been used for finding the strength of the shell 
plating when under compressive strains due to hogging or sagging, the 
correct constant for pillars of rectangular section had been taken, viz., 
7 Ary* I** Height be added that the formula used was that of Mr. Lewis 
Gordon. Another point which Mr. Watson raised was regarding the 
crushing strains on the double bottom of a vessel when loaded. Now, 
this did not appear to affect the argument in the paper at all ; because 
with reference to the strength of the ship's bottom, even if the vessel were 
loaded to twice her ordinary load draught, were it possible, the pressure 
on the bottom plating between the frames, would still be proportional to 
the depth of the water, and not be affected by the cargo in the holds. 
And then as to the strength of the floors on which the cargo rested, there 
could be little doubt. For instance, if they compared two vessels, each 
of 400 feet length, one having a double bottom, say, 4 feet deep at the 
centre line, and the other ordinary floors, say, 80 inches deep at the 
centre line with no double bottom, which were about the actual figures, 
surely if the latter was strong enough to withstand tlie crushing effect of 
the cargo inside, and the buoyancy outside, the strength of the former 
with nearly double the depth of floors could not be called in question, 
even with the slightly wider spacing suggested in the pajyer. In respect 
of case cargo this could be more easily understood, for then the frame 
sjmcing, as far as the cargo was concerned, might be much wider without 
damaging the plating ; especially in view of the distributing effect of the 
ceiling. The frame spacing in such cases could only be affected by the 
pressure of the water on the plating hetireen the frames, and, as already 
jK)iiite(l out, tin's pressui-e was directly proportional to the depth of the 
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water. He therefore did not agree with Mr. Watson that this crushing 
strain was the most severe to deal with in considering the frame spacing. 
As was stated in the paper, the effect of the water pressure acting on the 
plating had been dealt with in papers by other writers, and therefore was 
not touched in this. 

Referring to Mr. De Rusett's remarks, he would again point out that 
his (Mr. Camps's) arguments in favour of wide spacing had been applied 
to the midship body only. At the ends of the vessel, as Mr. De Rusett 
justly pointed out, it was doubtful whether a wider spacing of frames 
than was asked by the registration societies would be advisable, on account 
of the severe buffeting which such parts undoubtedly received, especially 
in heavy weather ; or, at any rate, any increase in the spacing should be 
attended by either an increase in the thickness of the shell plating, or in 
an increased number of longitudinal or panting stringers, either of which 
would perhaps be better than the close spaced frames, as there would thus 
be a reduction in the riveted connection to the shell, thereby minimising 
the chances of leakage. At the ends of vessels, the amount of unsupported 
area, mentioned by Mr. Watson, was of much more consequence than at 
midships, where the concussive strains were not nearly so direct or severe. 
He had lastly to thank Mr. Caws for introducing in the discussion 
a few points in connection with the hold stringers which were left 
out of the paper. He did not apologise for having left them out, as the 
paper was already too long, and he could not have done what he would 
have considered full justice to them. There was no doubt that the effect 
of the joggled shell plates mentioned by Mr. Caws as being adopted now 
by Messrs. Doxford at Sunderland was a distinct advantage and help to 
the plating generally against longitudinal compressive strains under hog- 
ging or sagging, so also was the natural form of the turret design. In 
conclusion, he had to thank the members for the kind way in which his 
paper had been received. 

The President asked the meeting to accord a very hearty vote of 
thanks to Mr. Camps for his paper, which had called forth considerable 
criticism, to which he had that night replied. Tlie paper was instruc- 
tive, and would also, he thought, be very useful to very many of them in 
their daily shipbuilding. 

The vote was accorded by acclamation. 
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DISCUSSION ON MR. A. E. LONG'S PAPER ON "SOME 
POINTS OF INTEREST IN THE DESIGNING OF CARGO 
STEAMERS." 

The President, on inviting discussion on Mr. Long's paper on 
"Some Points of Interest in the Designing of Cargo Steamers," said he 
had a note from one of their Vice-Presidents introducing Mr. Alexander, 
who, though not a member of the Institution, would be glad to offer 
some remarks on the paper. He was quite sure they would be willing to 
hear him. 

Mr. P. H. Alexander said that, not being a member, he had to 
thank them for offering to listen to a few remarks of his on Mr. Long's 
paper, which was an extremely interesting one to him, as he had long 
taken an interest in the forms of vessels. He noticed a small blemish in 
the diagram accompanying the paper ; the lettering of the lines was 
correct, but in one case the dotted line should have been full, and the 
full line a dotted one, to agree with the other figures in the illustration. 
There were many things in the paper which might give rise to 
discussion, and some which want of time had caused to be omitted. He 
noticed no mention of the effect of size upon coefficient, whereas it was 
well known that a large vessel could be made much fuller than a small 
one, for usual "tramp" speeds. He might also call attention to the 
effect of very full ends in long vessels, in causing severe sagging strains 
when in ballast and bunker trim. It seemed to him that the crux of 
the paper lay in the reference to the excessive beam and fulness of 
recent vessels, and the expression of the opinion that a more normal 
form of ship would be better, even from a commercial point of view. 
The writer spoke of a mania for breadth and fulness, but wj\s it not 
really the mania for accepting the lowest tender which he should attack ? 
The idea that the lowest first cost should govern the placing of an order 
for a vessel, had led to the evolution of these objectionable features in 
excess, owing to the causes pointed out in the pai)er. xVs to whether 
tlie first cost was the only thing to be looked at, he would like to give 
an illustration of another view. Suppose two vessels, A and B, each to 
carry a]x)ut 6,000 tons deadweight, at 10 knots, on a consum{»tion of, say, 
22 tons of coal per day. Let A be a vessel of recent tyiK), of great 
beam, easy bilge and short length, with full ends, and an iilmost semi- 
circular line for the forecastle rail. FiCt B have greater length, less 
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beam, harder bilge, and finer ends, but consequently a cost, say, £1,000 
in excess of A. On trial, and in fine weather, these two vessels might 
perform equally well, but as soon as head winds and heavy seas were 
met with, the speed of A would drop lower and lower till it reached 5 
knots or under ; perhaps, as they had heard at their last meeting, she 
would have to turn stern first to the seas, and they had not been told 
how many knots she would go at then. The finer vessel would not be 
affected to the same extent, and the consequence would be that her 
speed, over a year's voyages, would average about 9 J knots, while 
the speed of A would be only 8^. The coal consumption and other 
expenses would, however, not fall in bad weather with these losses 
of speed, and so at the end of a year of, say, 800 working days B would 
have gone 66,600 miles and A only 61,200 miles. From this it would 
be seen that the cost of carriage per ton per mile by B would be almost 
9 per cent, less than by A, assuming equal average cargoes ; and it would 
be merely a question of time and freight values how soon B would pay 
off that extra first cost of £1,000 and the charges upon it. It might be 
said that these were assumed figures, but the speaker felt sure that the 
experience of many would bear them out. There were many vessels 
whose speed seemed killed by bad weather, and there were others which 
nothing seemed to stop. He might mention the case of a voyage he had 
taken from Australia to London during the wool season, when the vessel 
he travelled in was racing another. They left Adelaide together, and 
sighted each other at intervals during the voyage, and docked in London 
within a few hours of each other, but it was very noticeable how bad 
weather injured the speed of one of the vessels, and allowed the other, a 
slower boat in reality, to catch up again and again. One other point he 
would refer to, and that was a genuine difficulty to be faced, in trying to 
persuade owners of the value of a finer type of vessel. They all knew 
that builders differed in their models, even when working to the same 
coefficient and dimensions. Suppose the owner of a boat of '8 coefficient 
to be persuaded by certain builders to make his next one '78, and to find 
the latter a great success. He thereupon ordered his next one 78 also, 
but from different builders, as their tender was lower. He was surprised, 
perhaps, to find that this new craft was not even as good as his '8 one, 
and straightway concluded shipbuilders' opinions were a fraud. He 
should rather conclude that he had made a mistake in not going back 
to the builders who had given him his successful boat before. As it 
was, his experience would cause some brother owner to order "a six- 
beam boat, with an easy bilge, and a coefficient of '83." 
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Mr. RoBT. Thompson said Mr. Alexander's remarks were both 
interesting and instructive. He thought where the great discrepancy 
came in was that most people went in for standards. Where a ship- 
builder knew his business, all these points would be brought before the 
shipowner. Most shipbuilders took the coefficient from the top of the keel, 
but he had heard of others taking it from the bottom. As to the results 
obtained with fine mid-ship sections or full ones, there was room for 
discussion, and each builder would justify himself in his own way. His 
view, however, was this, that any vessel having a displacement coefficient 
above '8, whether it was obtained by full ends and fine bilge or in any 
other way, was not a ship at all. The experience owners were having with 
some of these very full, broad vessels in a light condition in the Atlantic 
proved that Lloyd's rules were never designed for vessels with such a 
full coeflScient. A friend of his put it very neatly by calling it the 
"McKinley tariff." His experience of these results was that vessels 
were far too full. He had been in correspondence with Mr. George 
Dykes, of Hamburg, who had sent an amount of useful infomiation upon 
Mr. Hogg's paper recently read, and he would like if it could be incor- 
porated in the Transactions,* H^ might say he thought he recognised 
one of the ships referred to by Mr. Alexander. It was built in 1886, and 
had been one of the most successful vessels the owner possessed. She 
was about 4,000 tons deadweight and she averaged 1 1 knots. 

The discussion was adjourned till the Closing Meeting on May 18th. 



* See page 2.S7. 
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CYLINDER RATIOS. 



By JAMES ANDREWS. 



[Rbad bbforb thb Institution, in Sundbeland, on Monday, April 18th, 1898.] 



Ever since the introduction of multiple expansion engines the subject 
of cylinder ratios, or the relative dimensions of one cylinder to another, 
has been a favourite theme for speculation, discussion, and experiment ; 
while at the same time, little, if anything, has been done to reduce the 
question to systematic determination. The object of the present paper, 
therefore, is to approach the subject from this later standpoint, in the 
hope that it may at least confine its discursive features to narrower 
limits, and make experiments less costly. 

It is almost needless to point oat that no definite rule can be given 
for determining cylinder ratios which wiU apply under all, or even any, 
circumstances with great exactitude. The variations usually found in 
practice of steam velocities, receiver capacities, sequence of cranks, and 
other causes aflfecting the action of steam in the steam engine, preclude 
the possibility of such a consummation. But while that is the case, it 
is considered that a general rule may be formulated which, without 
seriously complicating the question, will give approximately correct 
cylinder ratios, that is to say, ratios such that by slightly adjusting the 
valves it will be possible to secure the maximum economy attainable 
within the limits of steam pressure employed on the given type of engine. 

The great advantage of systematic calculation even with all its 
imperfections is that those elements which are known to produce the 
most economical results, and others which are supposed to lead in the 
same direction, get due consideration in the first instance, in place of, as 
in the majority of Ciises, being left to look after themselves. Moreover, 
changes from one set of conditions to another can be followed with 
comparative ease, the eff'ect noted, and a proper selection made at once. 
At the present time the working conditions of almost every engine are 
different, the relation between clearance, initial and final volumes are often 
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unnecessarily varied ; similarly to, with exposed surfaces and receiver 
capacities, so that the true cause of success or failure is obscured, and in 
many cases rendered quite incomprehensible. 

It is submitted, therefore, that a better understanding of the question 
will be arrived at by making all changes from one dimension of engine 
to another as nearly relative as possible, so that they can be easily com- 
pared and improved upon with some degree of confidence. 

When designing multiple cylinder engines, it is essential at the outset 
to determine certain conditions as a basis to work upon, and, generally 
speaking, the following ought to be fulfilled in order to secure the most 
economical results, alike from a practical and commercial point of view, 

viz. : — 

(a) The maximum loads on each piston, 

(b) Range of temperature in each cylinder, 

(c) Indicated horse-powers in each cylinder, 

(d) Rate of expansion in each cylinder, 
should all be approximately equal. 

(a) Within the limits of a given initial and final exhaust steam 
pressure, equal maximum loads will secure the greatest amount of power 
from the least weight of material, thereby reducing the first cost, wear 
and tear, and simplifying the balancing of moving parts. 

{b) It is well known that the range of temperature in each cylinder 
should be as low as possible, and probably equal, to secure the maximum 
economy of steam. 

(c) It does not appear that equal indicated horse-powers have any 
direct influence upon the economy of an engine ; indirectly, however, 
they assume a degree of importance which demands recognition, from the 
fact that this factor is the chief engineer's standard of excellence, and 
smce it is he who determines eventually the conditions under which an 
engine shall work, it is useless to design an engine upon any other basis, 
unless the conditions are such that no amount of adjustment of the links 
would produce that result. But apart from these considerations, there is 
no evidence to prove that equal powers are incompatible with economical 
results ; on the contrary, with ordinary compound, triple, and quadruple 
expansion engines, completing each stage of expansion in one cylinder, 
there is evidence of an approximate coincidence, both theoretically and 
actually, with those elements which are considered most conducive to 
economy, as will be shown later on. 

(d) Ecjual cuts-olT are preferable, in order to keep the initial volumes 
and initial surfaces relatively equal in each cylinder, as well as being 
more convenient from a practical point of view. 
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Having now decided upon the principal factors, the modus operandi 
may be described as follows, taking for that purpose the simplest case of 
a multiple cylinder engine in which expansion is completed in two stages. 
Let Fig. 1 represent the combined diagram of a compound engine in 
which — 




j> 



» 



Pio. 1. 

Pi = mean initial pressure absolute. 
Pa = mean receiver „ 
Pg = mean back „ 

MP = mean pressure reduced to L.P. cylinder. 
MPi and MPs = H.P. and L.P. mean pressures respectively. 
Ki and B, = relative volumes of cylinders, 
r = total rate of expansion. 
Ti and Tj = rate of expansion in H.P. and L.P. cylinders respec- 
tively. 
D = fraction of " drop area " relative to the whole diagram 
within the limits of P^ and P,. 
The expansion curve being for saturated steam P.V ^ = constant. 
It is preferable to state the question with reference to equal powers and 
equal ratios of expansion in each cylinder, because the process of trial 
and error which must be gone through is rendered much more simple, 
and, provided that each stage of expansion is completed in one cylinder, 
the result is practically the same. Therefore, given equal powers and 
equal rates of expansion in each cylinder, it is required to find the 
cylinder ratios. 
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MP 






2 • 

MP, + P . 



MP, = P, (^--A)_p,. 



K« 



=©'■ 



When ^^ X ri = r and MPj = MPg x R, the cylinder ratios will be 
correct as required, but this may involve the variation of r or (1 — D), or 
both. It is not quite correct to eliminate the drop area without some 
compensation for the heat liberated by free expansion into the receiver, 
but the error involved appears to be insignificant for the present purpose. 
The difficulty of determining its actual eflFect is greatly increased from the 
fact that variation of drop in a given engine involves the variation of so 
many other elements that the true cause and effect of one or the other 
cannot be separated. All variable quantities have been left out of the 
question, partly to avoid complication, which would render the whole 
process almost useless for the purpose intended, and partly because one set 
of conditions affect cylinder ratios in an opposite direction to another set 
of conditions, so that to select any set of variable quantities would limit 
the use and application of the diagrams appended. Each designer can 
make suitable modifications when they are found necessary, but in general, 
when the cranks are arranged in the best sequence, it will be found that 
most 'irregularities can be corrected by a very slight adjustment of the 
links. 

All other multiple cylinder engines completing each stage of 

expansion in one cylinder are calculated in the same way, the L.P. mean 

pressure being simply the product of MP divided into the number of 

cylinders or stages of expansion. For compound engines having two low- 

MP X 2 
pressure cylinders MP^ = — ^ — to give approximately equal powers and 

mean initial loads with unequal ranges of temperature. Roughly, the 
ratio for this type of engine is about one-half of that for an ordinary 
compound working within the same limits of pressure. When equal 
ranges of temperature are required the cylinder ratios remain the same as 
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for an ordinary two-cylinder compound, in which case the powers and 
loads on each low pressure cylinder will be abont one-half of that in the 
H.P. cylinder. Similarly, for triple, quadruple, or other multiple 
expansion engines having two or more low-pressure cylinders, the L.P. 
mean pressure is the product of MP multiplied by the number of low- 
pressure cylinders and divided by the total number of cylinders. In those 
latter types it is impossible to combine equal initial loads and equal 
powere with equal ranges of temperature. 

The diagram. Fig. 2 (Plate XXL), gives cylinder ratios, total rate of 
expansion, mean pressure, and values of (1 — D) for ordinary compound 
engines; similar information is given on Figs. 3 and 4 (Plates XXII. and 
XXIII.) for ordinary triple and quadruple expansion engines. The mean 
initial pressure absolute is the average between the beginning of the 
stroke and the point of cut-oflF, while the back pressure is the average over 
the whole stroke as they are estimated to be obtained on the actual 
engine, according to the designer's practice. All the curves are calculated 
theoretically between those limits of pressure and by the method already 
described. They provide a simple means of determining the proper 
dimensions of cylinders in new designs to suit the circumstances of the 
case, and it has been found, by comparison with a number of existing 
engines, that the cylinder ratios are os nearly correct as it is practicable 
to estimate them, provided that the mean initial pressure, and especially 
the back pressure, correspond with the diagrams. 

The following example, calculated for a quadruple expansion engine, 
will serve to illustrate the effect of the L.P. back pressure upon cylinder 
ratios, the temperature ranges, initial loads and powers remaining 
approximately equal : — 



Pl 


Pb 


ri 


Bt 


Ra 


B. 


R« 


1«0 


4 


1-33 


• • X • • 


. 20 .. 


4-43 


110 


190 


6 


1-33 


.. 1 


1-92 .., 


393 


8-8 



from which it will be seen that 2 lbs. difference in the L.P. back pres- 
sure (Pj) reduces the relation of the first to the fourth cylinder from 11*0 
to 8-8. The diagrams. Figs. 5, 6, and 7 (Plates XXIV., XXV., and 
XX VL) give the receiver and mean pressures in each cylinder for the 
respective types of engines, from which the theoretical loads and ranges of 
temperature can easily be found. By comparison with actual engines they 
may also serve as a means of localising defects or sources of inefficiency. 
Small receivers have the effect of increasing the cylinder ratios in 
order to retain equality of temperatures, loads, and powers, but to a 
greater extent as regards the former two than the latter. High steam 
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velocities have the same relative effect as small receivers, except that the 
relation of the first to the last cylinder will be smaller on account of the 
higher back pressure on the low-pressure cylinder. 

When a feed-heater takes its steam from one of the receivers, the 
following cylinder ratios should be reduced, while the admission of 
exhaust steam from auxiliary engines will have an opposite effect. 

The relation between the actual mean pressure reduced to the low- 
pressure cylinder and a theoretical mean pressure of the whole combined 
diagram calculated between the same limits of pressure, constitute what 
is commonly called the ** diagram efficiency," and may be expressed 

thus : — 

Actual MP reduced 



E = 



IM^fi)!-^-' 



in which Pj is the initial pressure, P2 the L.P. back pressure and r the 
total rate of expansion. The values of E so found are recorded for the 
purpose of estimating mean pressures for new engines, but as no account 
is taken of the drop area, E is a variable quantity depending upon the 
rate of expansion in each cylinder, and in consequence, late cut-off 
engines appear to be at a disadvantage as compared with early cut-off 
engines. In the same engine, however, it may happen that the value of 
E remains constant over a wide range of expansion because the amount 
lost by receiver expansion when cutting off late is counterbalanced by 
the amount lost by increased compression, release, and redistribution of 
the temperature range in each cylinder when cutting off early, so that 
the relative area of the diagrams remain the same. To illustrate the 
actual effect of incomplete expansion on the value of E, the following 
two examples of triple expansion engines of different designs may be 
given. Both were designed to cut off at about 75 per cent, of the 
stroke, and having the slide valve exhaust edges open as much as 
possible at both ends to get an early release, consequently the relative 
area of the diagrams due to release and compression at the different rates 
of expansion was very little affected. 



Engine A. 



Pi 
r 

Actual MP 
(l-D) 
Vj with drop 
K niiims drop 



110 


109 


109 


4-7 


4-4 


41 


7-61 


8175 


8-86 


1-33 


1-43 


1-55 


25-75 


2i-55 


2362 


•914 


•938 


•962 


•703 


•720 


•738 


•768 


•768 


•768 



109 

3-8 ; 

10-97 
1 92 
213 

1-0 i 

•781! 
•781 





Engi 


ne B. 




72 


172 


172 


172 


6-5 


60 


53 


50 


0-04 


6-42 


6-8 


7-78 


1-28 


1-36 


1-436 


165 


51-59 


5003 


49-21 


45-71 


•902 


•93 


-913 


-9725I 


•755 -761 


•773 


•791 


•838 


•82 


•82 


•814 
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By reference to the last two lines, it will be seen how mach more 
uniform the values of E are when the drop area is deducted than when 
it is not. 

With regard to the actual relation of powers, initial loads, ranges of 
temperature, and cylinder ratios, the few typical cases hereafter cited 
have been taken promiscuously from engines by different makers, so that 
the results are not due to any peculiarity in design. In all cases B is the 
ealculated cylinder ratios, the affix L or T indicates equal loads, and 
equal temperatures respectively. Ka the actual cylinder ratios, ri is the 
actual rate of expansion in each cyUnder, and relative initial loads are 
given in terms of pounds per square inch reduced to the low pressure 
cylinder. 

Engine D, compound Pj = 134 lbs. ; P, = 4 lbs. 



R 



10 
405 



10 

2-44 

6ai 



'A. 



10 
3-54 



!• 



2-9 
23 



LHP. 



156 
130 



Initial Loads. 



Mean. 
291 
200 



Max. 
316 
230 



Range of Temperatures. 



Mean. 
97" 

sr 



Max. 

107° 

93° 







Engine E, compound P, 


- 92 lbs. ; P, = 3-5 lbs. 




10 
3-53 


10 
3-3 


1-6 
1-66 


248 
342 


185 
230 


20-6 
240 


70*' 
97° 


73' 

108" 






Engine F, compound P, 


= 170 lbs. ; P, = 3-5 lbs. 




10 
4-24 


10 
61 


1-72 
2-31 


1,041 
1,079 

• 


202 
280 


20-4 
300 


91° 
106° 


98° 
108° 






Engine Q, triple ; P) 


= 150 lbs. ; P< = 4 lbs. 





10 


1-36 


677 


11-65 


13-43 


65*» 


2-54 


1-43 


693 


14-20 


17-38 


64^ 


6-70 


1-475 


787 


1600 


1800 


75° 



62° 
65° 
81° 







Engine U, 


triple; P, 


= 150 lbs. 


; P^ - 5 lb«. 




10 


1-0 


1-34 


791 


13-3 


14-5 


64° 


69° 


233 


2-40 


1-29 


728 


12-5 


146 


52° 


66° 


G25 


6fr4 


1-36 


703 


11-5 


145 


56° 


6r 



Engine J, quadruple j P| = 198 lbs. ; Pj = 6-5 lbs. 



1-0 
19 
39 
8-5 



10 


133 


424 


12-56 


13-5 


66° 


69° 


204 


1-33 


320 


9-33 


93 


45° 


51° 


42 


133 


332 


100 


11-5 


46° 


53° 


90 


1-33 


290 


8-5 


10-75 


39° 


- 60P 
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Engine K, quadruple; P, = 189 lbs.; Pg = 4*2 lbs. 



R. 


Ra. 


'"i- 


IH.P. 


Initial Loads. 


10 


10 


1-6 


450 


9-43 


11-5 


' 20 


2-25 


16 


378 


8-5 


9-45 


4-4 


40 


1-6 


376 


817 


11-7 


10-5 


9-75 


1-6 


433 


8-6 


10-5 



Range of Temperature. 



52° 
39° 
40P 
61° 



65<» 
44° 
57° 
61° 



Engine L. quadruple; P, = 192 lbs. ; P^ = 33 lbs. 



10 
207 
4-7 
11*9 



10 
2-25 

40 
90 



1-55 
1-80 
1-50 
1-62 



210 


10-9 


159 


8-75 


178 


8-9 


171 


8-2 



131 

12-7 

11-6 

90 



66° 
40° 
45° 
56° 



68° 
58° 
57° 
62° 



Engine M, three-cylinder compound; P, = 100 lbs.; P, = 4 lbs. 



R, 



10 

109 

109 



»T. 


R.. 


ri. 


LH.P. 


Initial Loads. 


Range of Te 








Mean. 


Max. 


Mean. 


10 


10 


1-45 


5,500 


28-9 


343 


65° 


171 


2185 


2-87 


4,260 


280 


275 


101° 


1-71 


2185 


33 


4,750 


309 


30-7 


106° 



Max. 

75" 
113" 
119" 



H.M.S. •' Powerful." four-cylinder triple = P, = 18G lbs. ; P^ = 58 lbs. 



10 
1-84 
1-75 
1-75 



10 


10 


133 


4,287 


379 


40-7 


66" 


2-5 


242 


1-28 


4,233 


370 


450 


57" 


375 


285 


131 


2,263 


18-7 


190 


71" 


375 


2-85 


131 


2,238 


18-7 


190 


71" 



79" 
69" 

87° 

87" 



* Engine L is fitted with feed-heater taking steam out of L.P. receiver. 

The mean iDitial loads and mean ranges of temperature are taken 
from the mean initial pressure up to point of cut-off, and the mean 
exhaust pressure in each cylinder. They are given as representing more 
correctly the loads and temperatures as affected by cylinder ratios apart 
from other causes. Many more exnmples could be given, but as they 
all point to the same general conclusion, it is needless to repeat them here. 
The broad facts remain the same throughout, when allowance is made 
for the rate of expansion in each cylinder, namely, that in multiple 
cylinder engines completing each stage of expansion in one cylinder, the 
loads and temperatures vary directly with the horse-powers ; that when 
one stage of expansion is completed in two cylinders, the loads and 
temperatures while varying directly with the horse-powers are always 
nncMpial, and that in all cases the cakuilated cylinder ratios indicate the 
din^ition in which an improvement lies. Ft is an open question whether 
multiple cylinder engines, completing one stage of expansion in two 
cylinders, are more economical when designed to give equal powers and 
loads in each cylinder or equal ranges of temperature. For marine 
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purposes practical considerations have so far decided in favour of the 
latter, viz., the larger cylinder ratios ; otherwise the cut-off becomes too 
early for ordinary link motion ; but, strange to say, this type of engine 
haa been adopted principally to simplify the balancing of moving parts, 
tor which the former is apparently best adapted. 

A question has been raised with reference to the proper dimensions 
of cylinders for H.M.S. *' Powerful" to get equal distribution of powers, 
the answer to which is as follows : — 

Taking the same total rate of expansion, the dimensions should be 
57^, 78, 76, and 76 inches diameter to give equal powers with equal 
cuts-off at 46 per cent, of the stroke ; but in order to get equal ranges 
of temperature the dimensions become 89, 62, 76, and 76 inches 
diameter with equal cuts-off at full stroke. 

During last session Prof. Weighton published the result of some 
experiments made with the Durham College quadruple expansion engine 
which were intended to show the relative economy when varying the 
power of a given engine, first by altering the number of expansions, and, 
secondly, by altering the initial steam pressure ; but certain general 
deductions were made with regard to the most economical rate of 
expansion which do not agree with current ideas on the subject, and 
which it is thought may be explained in a great measure by the cylinder 
ratios of the engine experimented upon and the limits of steam pressure 
employed. 

Let it be supposed that in a given engine the powers, initial loads, 
and temperatures are approximately equal when the rate of expansion in 
each cylinder is 1*5. By reference to diagram, Fig. 4 (Plate XXIII.), it 
will be observed that increasing the number of expansions increases the 
cylinder ratios ; which, with constant cylinder ratios, is equivalent to 
increasing the relative power, initial load, and range of temperature in 
the low-pressure cylinder, while reducing those elements in the high- 
pressure cylinder, and that the converse of this is the case if the number 
of expansions be reduced. On the other hand, reducing the steam 
pressure reduces the cylinder ratios ; which, on the same engine, is 
equivalent to increasing the relative power, load, and range of tempera- 
ture in the high-^Teeanie cylinder, while reducing those elements in the 
loW'^ieasare cylinder. In other words, varying the number of expansions 
or the steam pressure separately above or below that point at which 
approximately equal powers, loads, and temperatures have been obtained 
will have the effect of making those elements unequal, and if it be 
granted that inequality in any of those factors reduce the economy of an 
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engine, then the point of maximum economy is easily located. The best 
results should be obtained by a judicious combination of increasing the 
number of expansions with a reduction of the steam pressure or con- 
versely. 

In the experiments referred to, the highest limit of economy had not 
been reached at the comparatively late cut-off of 75 per cent, and 15*46 
expansions ; a result which would indicate that the cylinder ratios were 
too large for the limits of pressure used, and that an extension of this 
limit would increase the number of expansions at which maximum 
economy would occur, and, at the same time, increase its amount 

Some interesting experiments have been published recently in a paper 
read before the American Society of Mechanical Engineers by R. H. 
Thurston and L. L. Brinsmead. 

They were made on the Sibley College triple expansion engine, which 
has cylinder ratios of 1 : 3 : 7, and were divided into three series, of 
which the first was on the compound system, having ratios of 1 : 3 ; the 
second also on the compound system, having rations of 1 : 7 ; and the 
third on the triple system, having ratios as above quoted. Each engine 
was tested over a wide range of total expansions, and diagrams constructed 
having number of expansions for the abscissae, with pounds of steam per 
I.H.P. for the ordinates. The curves of the 1 to 8 compound, and the 
triple engine have the point of maximum economy well defined, being 15 
expansions with 17*8 pounds of steam, per I.H.P. for the compound, and 
22 expansions with 13*68 pounds of steam per I.H.P. for the triple; 
while the 1 : 7 compound had not attained its maximum of economical 
working at 18*89 expansions with 15*1 pounds of steam per I.H.P. 
Those experiments having been undertaken with a view of demonstrating, 
whether the abnormal cylinder ratio of 1 to 7 in the compound system 
was more or less economical than the normal cylinder ratios of the 
compound or triple system, it was essential that the comparison be made 
on truly normal conditions, and not upon abnormal extremes as was 
manifestly the case with the two compound engines. As a consequence 
the 1 to 3 compound attained its point of maximum economy at a less 
total rate of expansion than the triple which of course rendered a true 
comparison impossible. It is therefore not surprising that the authors 
should come to the conclusion that " the bearing of these results on the 
relative merits of the three types is a matter which experiments on one 
engine, and under one set of conditions cannot definitely determine." 

The triple expansion engine, having approximately normal ratios, 
gives the following results at its maximum of economia'U working : — 
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R. 


Ra. 


Ti. 


RelatiTe 
I.H.P. 


Initial 
Loftdn. 


Range of 
Tempcmiture. 


10 

2-59 

71 


1-0 

316 

7-1 


2-7 

316 

216 


10 
10 
10 


12-2 
13-3 
10-0 


72 
61 
67 



Showing that the calculated cylinder ratios are correct for equal 
cuts-ofiF, and correspond with the point of maximum economy ; but, that 
the unequal cuts-off in each cylinder of the actual engine affect the loads 
and temperatures to some extent A more satisfactory comparison is 
made between three different engines of the types referred to, in which 
their steam consumptions are given as 11*16 pounds per I.H.P. with 
19*55 expansion, for the normal triple having ratios of 1 : 3 : 7 ; 11*8 
pounds of steam with 20*4 expansions for the normal compound having 
a ratio of 1 to 4 and 12 '84 pounds of steam, with 33 expansion for the 
abnormal compound having a ratio of 1 to 7, all corrected for a steam 
pressure of 175 pounds per square inch. 

The conclusion arrived at from those experiments is that normal 
cylinder ratios are more economical than abnormally large ratios, and 
it may be added that abnormally small ratios appear to be even less 
economical than the other. 

Considerable light has been thrown on this subject by the expansion 
experiments on the Durham College and the Sibley College engines, and 
it is considered amply demonstrated, that the maximum degree of 
economy attainable at different total rates of expansion cannot be ascer- 
tained on the same engine having the same cylinder ratios. That, in 
short, the limits of pressure determines the proper relation of cylinder 
dimensions to attain this end, and that with oar present knowledge 
theory provides as close an approximation to this relation as it is possible 
to estimate it. 



APPENDIX. 

The following is a numerical example of calculation for a three- 
cylinder triple expansion engine, having an initial absolute steam pres- 
sure of 150 lbs. per square inch ; 1*3 expansions in each cylinder and 4 
lbs. back pressure in the L.P. cylinder : — 

Assume r = 9*02 ; H^ _ ?^ ^ = -3276 ; and (1 - D) at '856. 

n = 1*3 „ „ = -9683. 

MP = {(160 X -3276) — 4} -856 = 88-64 lbs. 
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,,^ 88-64 

MPs = —3— = 12-88 lbs. 

And 6-9384 x I'S = 9*02, showing that the assumed value of r is correct. 
MPi = 12-88 X 6-9884 = 89-866 lbs. 
P2 = (150 X -9688) - 89-866 = 55-879 lbs. 

MPa = (55-879 X -9688) - 17-438 = 86-677 lbs. 

When the mean pressures, multiplied by their respective cylinder 

ratios, are equal, then the calculation will be correct, thus : — 

Proof : — 

89-866 X 1-0 = 89-366. 

36-677 X 2-482 = 89-200. 

12-88 X 6-9384 = 89-866. 

Although those are not absolutely alike, they are as nearly so as it is 
necessary to make them for all practical purposes. 
Summary of calculation : — 



B. 


Pi. 


MPi. 


RelatiTo 
LoftdB. 


Range of 
Temperature. 


1-0 

2-432 

6-938 


150 
65-879 
17-433 


89-366 
36-677 
12-88 


13-665 
13-477 
13-438 


T>egB. 
70 
67-5 
67-7 



From which it will be seen that the relative loads and ranges of tempera- 
ture are very nearly equal while securing equal powers. 

The above calculation represents the method adopted in constructing 
the diagrams, but if it was intended for a given engine, the process would 
be modified by fixing the total number of expansions (r) and assuming 
the rate of expansion in each cylinder (rj) instead. 
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DISCUSSION. 
The Secretary read the following communication : — 

Dear Mr. Duckitt, 

Mr. Andrews's paper is full of interest, and deals with a subject that 
has for a long time required proper treatment. Will Mr. Andrews explain 
why he has chosen the exponent ^ ? It is not the adiabatic exponent for 
dry steam, although Rankine incorrectly gave that figure. This error is 
pointed out in Cotteriirs Steam Engine^ the mean value of the exponent 
being there given as 1'138 ; steam, however, is never dry, and ^- may 
give results which agree closer with practice. Would Mr. Andrews use 
the same exponent for jacketed and unjacketed cylinders ? In Mr. 
Willans's trials of a non-condensing unjacketed engine the exponent that 
appeared to give the best results was J or ri6. 

What does Mr. Andrews consider the best terminal pressure for a 

given boiler pressure, and can it be expressed by any general law which 

gives either the terminal pressure or total ratio of expansion ? Mr. 

Andrews uses an expression " diagram efficiency," which is sometimes 

given the name of "diagram factor." Is this best obtained by the 

formula — 

p, __ Actual MP reduced 

as given by Mr. Andrews, or by the formula 

p, __ Actual MP reduced 

~ J l-f lo^r (' 

^Vi P.^ 

where /;, = boiler pressure absolute, 

r = total ratio of expansion, 
;?g = back pressure absolute ? 

It is given by Prof. Unwin and several other authorities in the latter form. 

Yours faithfully, 

C. H. Innes. 



The discussion was adjourned, and the meeting dissolved. 
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AND SHIPBUILDERS. 



Fourteenth Session, 1897-98. 



PROCEEDINGS. 



SEVENTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING, 
26th APRIL, 1898. 



J. R. FOTHERGILL, Esq., Vicb-Pkbsident, in the Chaih. 



The Secretary read the minutes of the last General Meeting, held 
in Sunderland, on April 18th, which were approved by the members 
present, and signed by the Vice-President. 

The Vice-President intimated that the President had been called 
away to Liverpool and could not attend the meeting. 
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The discussion on Mr. James Andrews's paper on " Cylinder Ratios," 
was resumed. 

Mr. A. L. Mellanby read a paper on " The Effects of Different 
Armngements of Crank Angles upon the Economy of Quadruple 
Expansion Engines." 
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DISCUSSION ox MR. JAMES ANDREWS8 PAPER ON 

•'CYLINDER RATIOS." 

Mr. R. L. Gainb, in opening the discussion on Mr. James Andrews's 
paper, said it was with considerable difRdence that he ventured to 
criticise any paper written by so able and experienced an engineer as he 
knew the writer of this paper to be ; yet he ventured to do so, and he 
begged that they and he would take his remarks as being made in no 
spirit of captious criticism, but lather as the result of a genuine desire to 
get at what was a really correct method of calculation on a subject of 
such a very debatable nature as the one before them. 

In the first place he would complain of this paper that to him it lacked 
lucidity. He might venture to say that in this respect it compared most 
unfavourably with, for example, the paper by Prof. Weighton on " The 
Normal Indicated Horse- Power of Marine Engines and Boilers," and one 
to be read before them that night by Mr. Mellanby, both of which he 
might quote as examples of papers of which — though the subject-matter 
was brimful of valuable information — there need not be the slightest 
difficulty in following through from beginning to end, and thereby more 
truly appreciating their value. He thought that a great deal more time 
might have been profitably spent by the writer in more carefully and fully 
describing the methods by which the very laboriously and carefully com- 
piled diagrams at the end of the paper might be used ; also, in the 
theoretical calculations worked out in the paper, important intermediate 
assumptions were omitt<}(l, and, if introduced from the private knowledge 
of the writer, yet even then did not justify the result obtained — most 
notably in the calculation which immediately follows Fig. 1 (page 201). 

Further on, the writer gave the results obtained from two different 
quadruple expansion engines, having as their primary difference different 
back pressures in the low-j)ressiire cylinder. These would seem to him to 
involve a contradiction. The writer said that the j)rincipal element in 
economical working ia eriuality of temperatui'e ranges, and assuredly the 
lower the low-pressure hick pressure the better the system as a whole. 
Yet here they had a light small engine with a ctTtain condenser more 
efficient than a larger one with a more efficient condenser. This would 
seem admissible on the face of it so far as economy alone was concernwl 
(that was, assuming it to de|)end on e(juality of teni{)erature ranges), but it 
was hardly credible that the initial loads and powers would lie the sjinie 
in each (sise. 
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In the beginning, the writer stated the intention of the paper as being 
to assist the designer who was brought suddenly face to face with the task 
of designing an engine differing entirely from anything he had had to do 
with before, say, of higher pressure and higher speed than he had been 
accustomed to ; and when he (Mr. Gaine) read that he thought he had 
come upon something very valuable, but, going further on, he came 
against exactly the same stumbling blocks that they had to contend with 
in any other process of calculating cylinder ratios or cuts-off. 

The writer said: — "These curves provide a simple means of deter- 
mining the dimensions of cylinders in new designs to suit the circum- 
stances of the case." Immediately above that he says, referring to his 
basis of calculation : — " The mean initial pressure absolute is the average 
between the beginning of the stroke and the point of cut-off, while the 
back pressure is the average over the whole stroke as they are estimated 
to he obtained on the actual engine^ according to the designer's practice,'* 
He (Mr Gaine) held that that was just the crux of the whole thing, viz., 
the correct estimation of the initial, and more particularly back pressures. 
In using these diagrams the designer had — apparently — to use his own 
constants, which could only be ascertained to be reliable from similar 
engines of similar speeds and pressures ; and if that had to be introduced 
into the use of these diagrams, they were of no more value than the 
previously accepted methods were. 

In referring to H.M.S. " Powerful," Mr. Andrews said :— "A question 
has been raised as to the proper dimensions of cylinders for above to get 
equal distribution of powers." He (Mr Gaine) did not know where this 
had been raised recently, probably in some technical journal, but on Mr 
Andrews's own showing he did not see the desirability of such equality. 

And in view of Mr. Andrews's conclusions which follow, he failed to see 
how he could recommend such cylinder proportions as he did, even 
admitting, which he (Mr Gaine) did not, that equal cuts-off were most 
desirable in the economical use of steam. 

The conclusions referred to were : — "That normal cylinder ratios are 
more economical than abnormally large ratios ; and it may be added that 
abnormally small ratios appear to be even less economical than the other." 
There was no question that the actual sizes of the cylinders of H.M.S. 
" Powerful " produced a most uneconomical engine. He was guilty of no 
breach of privilege in saying so, as the necessary calculations to find that 
out could be made from the information that was accessible to anyone. 
If calculations were made it would be seen that the intermediate-pressure 
cylinder was much too large ; indeed, the figures ran so curiously that it 



DISCUSSION — CYLINDER RATIOS. 217 

would almost appear that the designer, in making his calculations, instead 
of halving a certain quantity, had doubled it. The sizes were : — 
45 inches, 70 inches, 76 inches, 76 inches. 

In conclusion, he would express the opinion that Mr. Andrews had not 
reduced by this paper the calculation of cylinder ratios to a mechanical 
certainty, but had only indicated the direction in which a designer should 
go, leaving him to provide for himself the milestones by which his 
journey was to be regulated. 

Mr. A. L. Mellanby, B.Sc, thought it would hardly do to allow a 
paper like this to pass by without adequate discussion, although he felt 
he ought to apologise to the writer for speaking upon such an important 
subject with so little preparation. Perhaps if he set an example, it 
might induce others with a more specific knowledge to give their 
opinions. He thought the question of cylinder ratios must ever be one to 
attract attention. To the practical engineer it was important, because 
upon the proper proportioning of his cylinders depended, to a great 
extent, the economy of his engine, and a reputation for economical 
engines meant for him unlimited orders ; to the more scientific man it 
was interesting chiefly on account of the difficulty attending its in- 
vestigation. He must confess to being at first rather disappointed with 
the paper. As Mr. Gaine had said, he (Mr. Mellanby) also thought that 
from it he would find a method of saving himself a great deal of trouble, 
that he would only have to consult the diagrams, and from them be able 
to readily fix upon the best sizes of cylinders for any particular power 
and initial pressure. He now saw that what Mr. Andrews intended was, 
given certain initial conditions, and a cei*tain amount of experience, here 
was an easy method of trial and error, by which the cylinder ratios to 
attain those conditions could be found. The question then resolved 
itself into the following : — Were these conditions the correct ones, and 
would their attainment produce the most economical engine ? He quite 
agreed with the author when he said that having equal powers in each 
cylinder was not of much importance, and regretted that this should 
be in so many instances the chief engineer's standard of excellence. 
He had seen cases where the intermediate-pressure and low-pressure 
cylinders had been so linked up in trying to equalise the powers, that 
the revolutions were perceptibly less than when the powers in each 
cylinder were unequal, and yet the engineer had not perceived that what 
he had done was detrimental to the working of the engine. The 
question of initial loads was more important, and it would be found, he 
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thought, that equal initial loads gave a more even turning moment than 
equal powers. With the proposition of equal temperature ranges in each 
cylinder he did not agree. The temperature range in the high-pressure 
cylinder had a great deal of effect upon the consumption of the engine, 
as he had shown in the discussion upon Mr. Cunmiins's paper.* There he 
had given examples of an engine in which the point of cut-off in the 
high-pressure cylinder remain unchanged, and yet there was a very large 
increase in the consumption when the point of cut-off in the second 
cylinder was made later, and the volume of the second cylinder altered, 
thus increasing the temperature range in the high-pressure cylinder. 
The temperature ranges in the other cylinders could have no such effect 
upon the consumption. Incidentally they did have a slight effect, not 
recognised in text books, but this was only found by experiment. The 
result of the temperature ranges in the intermediate-pressure and low- 
pressure cylinders was to effect the areas of the cards from those 
cylinders, and it was found they could have large differences of range in 
these cylinders without having much effect upon the total mean pressure. 
From this it seemed to him to be certainly advisable to have the least 
temperature range in the high-pressure cylinder. Indeed, in a triple 
expansion engine, with normal proportions of cylinders and working at, 
say, 180 lbs. pressure, it would be difficult to avoid having a larger 
temperature range in the low-pressure than in the other cylinders. 

As to having the expansions equal in each cylinder, that was, he 
thought, more an object of sentiment than of real value. The point of 
cut-off in each cylinder after the high-pressure one depended upon its 
ratio to that preceding, and it was upon getting this point of cut-off right 
that depended the economy of the engine. Then they came to the very 
practical consideration that marine engineers at least had very often to 
make the same size of engine serve for greatly differing horse-powers. 
He had seen the same engine with the valve gear designed to give a mean 
pressure of about 25 lbs. for one ship, and pressures up to about 29 lbs. 
for other ships. He gave this illustration to show that even if they had 
found what ratios were the best the question of cost would largely 
interfere with their being always applied. 

Personally, he thought that the cylinders should be designed as 
follows : — The point of cut-off in each cylinder should never be earlier 
than half stroke, the range of temperature in the high-pressure cylinder 
should be as small as possible, always allowing a reasonable amount of 
receiver drop, and the initial loads should be fairly equal. 

* See Transactioiu North- KiH Coast huftitntioii of Engineers and Shipbuilders^ 
vol. xiii., page 2(13. 
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He desired, in conclusion, to thank Mr. Andrews for his paper, and 
the manner in which he had placed the subject before them. If they did 
not agree with all that was said, yet, from the systematic manner in 
which the question was attacked at the commencement of the paper, it 
was easy to select the points upon which they differed, and to have what 
he thought ought to be one of the best features of these meetings, a good 
discussion. 

Prof. R. L. Weighton saiff this was a subject in which he was 
exceedingly interested. He had devoted more time to the consideration 
of this question than he should like to recall. Rather curiously, the writer 
of this paper was an old drawing office pupil of his own, both in Glasgow 
and on Tyneside. Mr. Andrews had communicated with him on this 
subject some time ago, saying that he was using methods somewhat 
modified and transposed, which he (Prof. Weighton) had published many 
years ago. That being so, he found that he could quite readily follow the 
main drift of this paper. At the same time he sympathised with Mr. 
Gaine, as he fancied it would be rather unintelligible in some parts to 
those not familiarised with the methods and symbols used. The subject 
was exceedingly complicated, and in all his consideration of the question, 
he had never been able to satisfy himself, even to a small extent, that any 
available method was satisfactory for determining the ratios between the 
cylinders of multiple expansion engines under given conditions and 
towards specified ends. There were so many unknown factors it must 
be approached by the method of trial and error. That was a method one 
was compelled to adopt in this case, and that was the method Mr. 
Andrews adopted. Certainly, he had simplified this very inconvenient 
and unwieldy method of trial and error by reason of the diagrams he had 
prepared, and from what he knew of Mr. Andrews he was certain they 
could take these diagrams as being very carefoUy worked out, and as 
being, at any rate, strictly in accordance with the formulae given — he was 
sure of that. Now, the principal difficulty that surrounded this subject 
was of a two-fold character. The first source of difficulty might be called 
a mathematical one, taking its rise as it did from the difficulty of co- 
ordinating so many factors, some indeterminate, varying independently, 
and some varying with each other. They never had succeeded in evolving 
an equation containing only one unknown quantity, or even two unknown 
quantities. They had, therefore, to resort to the inconvenient " trial and 
error " method. The second difficulty was that even although they suc- 
ceeded mathematically in evolving a correct system of rules, such as Mr. 

VOL. XIV.-l«fl»<. 18 
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Andrews had given on page 202, i.e., suppose such rules were absolutely 
correct in theory, they were still quite worthless when applied to determine 
ratios for engines to be built and worked. And for this reason, that they 
contained no coefficients derived from experience. In fact, the whole 
subject must bristle with coefficients, because in no two cases, even of 
engines built from the same plans and patterns put into similar ships, 
would they get identical coefficients except by chance. This had been his 
experience at any rate. Still less might they expect to get identical co- 
efficients with engines differing in type, that was to say, when dissimilar. 
Now, he thoroughly agreed with Mr. Andrews in what he said on page 
199 about the desirability of systematising methods of proportioning 
engines. That was what he himself had been trying to do, but he had 
never solved the question satisfactorily. He had used similar methods to 
those in the paper for years, but he must confess he had often been 
obliged to have recourse to a method of " judicious guessing " multiplied 
by his own experience. Now, to speak generally, with himself personally, 
the difficulty was to say what ought to be said on this subject, to say what 
the nature of this subject warranted from its importance, and yet say it 
within reasonable compass. It was absolutely impossible, short of a 
long treatise, to deal with this matter even cursorily, and he would have 
to omit a great deal bearing upon individual parts of the paper. There 
were some parts of it not quite clear, but they always had this difficulty 
in papers. Some of the symbols were not quite justified. For instance, 
Ri in the figure is not a ratio at all. If Rj be the ratio between the 
cylindei's, then Rj is always unity. But if Rj and Ra be the volumes of 

the cylinders then the ratio of the cylinders is not Rj but is ~. Passing 

over a great many little things and statements which Mr. Andrews 
would, no doubt, justify were he present, let them enquire generally what 
was the object aimed at in the proportions of engines ? First, their object 
might be to get the maximum power on given dimensions or given 
weights, or space occupied. In that case, they would choose as high a 
jiressnre as possible, and as small a number of total expansions as 
possible, and having chosen these it seemed to him a matter of com- 
piiratively small moment what particular ratios of cylinders were adopted. 
l)nt the se(!ond object they might have in view, and this was the 
object which the writer aimed at, was to so fix their proportions that 
maxiniiim economy would result irrespective of power in relation to 
weight. That was to say, their object here would be to secure that the 
minimum of water per horse-power was required, the boiler being left out 
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of the question. Now, there seemed to be a little confusion in the 
writer's mind about the difference between desirability and economy. 
He said on page 200 : " When designing multiple cylinder engines, it is 
essential at the outset to determine certain conditions as a basis to work 
upon, and, generally speaking, the following ought to be fulfilled in 
order to secure the most economical results, alike from a practical and 
commercial point of view, viz. : — (a) The maximum loads on each 
piston ; (ft) range of temperature in each cylinder ; (c) indicated horse- 
powera in each cylinder ; (d) rate of expansion in each cylinder, should 
all be approximately equal." [The italics are the speaker's.] The writer 
says here that if the four conditions he specifies are fulfilled the most 
economical results will be secured. He (Prof. Weighton) agreed it was 
desirable (for several reasons which need not be specified) to fulfil those 
four conditions if they could ; but it did not follow that if they were 
fulfilled maximum economy would necessarily result, for experiment had 
shown that it would not. In the first place, the formulae or rules on page 
202 would not, as they were there given, secure the fulfilment of the four 
conditions referred to in actual engines when working, and that prin- 
cipally because of the omission of coefficients derived from experience of 
similar engines to those in question. The coefficients — whatever might 
be their absolute value — would certainly not be identical in value as 
applied to estimate the mean pressure in each cylinder, and for this, as 
well as other reasons, the intended balance of power would be disturbed. 
Each one of the equations should be multiplied by a different coefficient, 
and he did not know why Mr. Andrews had omitted this. But, secondly, 
they would not secure maximum economy by merely employing an equal 
rate of expansion in each cylinder, even though the cylinder ratios were 
determined according to the author's methods. The most economical 
rate of expansion in each cylinder depended upon the ratio between the 
cylinders and upon that alone. Here was another most important point. 
The writer assumed that if they had equal rates of expansion in each 
cylinder they would secure, theoretically, all the other conditions he 
sfxicifies, that was, equal maximum loads on pistons, equal temperature 
ranges, and equal powers. That that was the writer's opinion he knew 
from other sources ; but that was not the case at all. Although they 
had equal rates of expansion in each cylinder they did not thereby secure 
equal ranges of temperature, indeed this was incompatible to some extent 
with the other three conditions. They would certainly get an approxi- 
mation but not equality by a good deal : see the autlior's own tables, in 
which although fi = r^ temperature ranges differ considerably. The 
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author admitted in a casual way that the results realised in the working 
of the engines would not agree with those predicted by application of the 
rules, but he said those variations could be easily corrected by slight 
adjustments of the links. But in his (Prof. Weighton's) opinion, it would 
require very serious linking up in many cases to secure the uniformity in 
conditions which were laid down. So serious might the linking up be, 
that they would incur great inefficiency due to the loss from linking up, 
which experiment showed might amount to a very great deal indeed. 
Therefore he (Prof. Weighton) did not think any system of linking up 
separately would secure a satisfactory result. It was not to be advised at 
all. He, for one, did not believe in making engines to link up separately. 
He knew of a case recently where the engineers in two sister ships had been 
having recourse to the separate linking up gear to such an extent as to 
seriously impair the economical working of both ships. As regards the 
relation between rate of expansion in each cylinder and economy of steam, 
it had been found in the engines which Mr. Mellanby would be dealing 
with in the next paper, that there was a certain ratio between the rate of 
expansion in any cylinder and the ratio of that cylinder to the preceding 
cylinder, which, when fulfilled, resulted in maximum economy in specified 
conditions. That ratio was indicated approximately in the following 
equation, namely : — 

R, + 1-64 
^^ "• 2-256 ' 

the symbols were those used by Mr. Andi*ews. This was a deduction 
from a great many experiments which possibly might in the future form 
the subject of another paper ; but he gave it now without further com- 
ment in order to justify his criticism. Now, if they fixed upon r,, and 
then made r^ equal to it, witliout reference to the possible value of Ra, 
they had no guarantee of maximum economy, at least so far as economy 
depended on rg. Another point — it was assumed that equality of ratio of 
expansion in the cylinders would secure equality of maximum loads on the 
pistons. That was not so, except theoretically under two conditions, viz., 
first, when steam follows the hyperbolic law of expansion ; and second, 
when the receivers were of very large capacity ; only then would equality of 
maximum loads follow from equality of rates of expansion in each cylinder. 
In regard to the following reference to the College engine experiments 
(page 207):— '* Let it be suppo.^pd that in a given engine the powers^ 
inifidl loads ^ and temperatures are ap]rroj'ima1eJy equal when the rate of 
expansion in each cylinder is 1*5. By reference to diagram, Fig. 4 (Plate 
XX 111.), it will be observed that increasing the number of expansions 
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increases the cylinder ratios ; which, with constant cylinder ratios, is 
equivalent to increasing the relative power, initial load, and range of 
temperature in the low-pressure cylinder, and that the converse of this is 
the case if the number of expansions be reduced. On the other hand, 
reducing the steam pressure reduces the cylinder ratios ; which, on the 
same engine, is equivalent to increasing the relative power, load, and range 
of temperature in the A^A-pressure cylinder, while reducing those elements 
in the /ow^-pressure cylinder. In other words, varying the number of ex- 
pansions or the steam pressure separately above or below that point at 
which approximately equal powers, loads, and temperatures have been 
obtained will have the effect of making those elements unequal, 
and if it be (/ranted that inequality m any of those factors reduce fJie 
economy of an engine, then the point of maximum economy is easily 
located." [The italics are the speaker's.] First of all, in the experi- 
ments here referred to, when maximum economy was reached, the 
rates of expansion in each cylinder were not equal, neither were the 
initial loads, temperature ranges, or powers equal ; and, secondly, 
instead of its being true that inequality of those factors reduced the 
economy, as a matter of fact economy was at its greatest when those 
factora were unequal. And it was difficult to see how mere change in 
cylinder ratios could alter this. It was not at all such a simple matter as 
this. The solution of the problem was exceedingly complicated. He 
(Prof. Weighton) for one was not prepared to say as yet on what 
maximum economy depended. It certainly did not depend upon the 
equality of those four factors. There was a sentence at the end of the above 
paragraph (page 208) he could not understand, viz.: — "The best results 
(referring to the College engines) should be obtained by a judicious com- 
bination of increasing the number of expansions with a reduction of the 
steam pressure, or conversely." As this stood, it appeared to him con- 
tradictory ; and perhaps the author would explain. It seemed to him 
(Prof. Weighton) that really this paper was more geometriccd than 
anything else. They could, by the application of geometry, and by taking 
sufficient trouble about it, deduce rules which would enable the theoretical 
boot-shaped figure of the expanded diagram to be divided into as many 
equal parts as there were cylinders, preserving the initial loads at the 
same time constant. This could be done by judicious allowances of 
receiver drops, etc., and so they might to some extent solve the matter 
geometrically. But this was entirely different from the economical point 
of view, the point of view of obtaining maximum economy so far as pro- 
portions of engines could obtain it. Moreover, it seemed to him they 
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could not solve this question satisfactorily, or, indeed, approach the solution 
of it at all, until they knew one particular factor which entered into all the 
calculations at the threshold of the subject, that was, the total expansion 
of the steam. What was the best total expansion to which to carry the 
steam under any given conditions as to boiler pressure, back pressure, etc. 
If they knew that they had got certain factors at once which cancel out 
to begin with, and they got their problem reduced to manageable dimen- 
sions. As it was, so many factors were indeterminate that they were 
landed in a confusion of formulae, which were very apt to carry one away. 
He certainly thought Mr. Andrews had done very great service by 
bringing forward this subject, and he (Prof. Weighton) was sure that Mr. 
Andrews had thereby himself vastly advanced his own knowledge on the 
subject (there was nothing better than the writing a paper for getting up 
a subject). Still he thought Mr. Andrews would himself readily admit, 
on reconsideration, that the question was not by any means solved. 

The Secretary read the following communication : — 

11, Glenalmond Road, 

Egremont, Cheshire, 

2bfh April, 1898. 
Dear Mr. Duckitt, 

I beg to acknowledge, with thanks, due receipt of papers on 
"Cylinder Ratios" and "Crank Angles." With reference to the 
cylinder ratios of four-crank triple-expansion engines, the practical 
deduction, on reading and comparing the cases given, appears to be that 
there is everything to gain and nothing to lose in making the inter- 
mediate and each low-pressure cylinder of equal bore. One pattern 
would suffice for the three cylinders, and all four cylinders could be 
made to produce approximately equal powers with equal initial loads. 

As to loss due to excessive ranges of temperature, it seems to me that 
with the high speeds of the present day, giving hundreds of changes per 
minute, the shorter time interval tends to reduce its importance con- 
siderably ; especially as the almost universal practice of fitting cylinder 
liners renders jacketing such a simple matter. By the way, I have often 
wondered why the suggestion of using oil for jacketing has not received 
more attention. Linseed oil at a temperature of 500° to 600° Fah., with 
a corresponding pressure of only 15 lbs. absolute, should, I consider, prove 
an ideal nicdiuin for conveying the needed heat to the expanding steam. 

Yours faithfully, 

J. H. Gibson. 
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The Vice-President said he thought they must all have appreciated 
the verj excellent discussion upon Mr. Andrews's paper. Although they 
might not all agree with the writer, yet he felt sure they would 
acknowledge the paper was not without interest and of value to the 
Institution, particularly in the discussion it had raised, and he conceived 
the writer would thoroughly appreciate the criticism which had taken 
place. They must not forget the subject was a most difficult one to 
treat, and the writer was entitled to the fullest consideration. The 
remarks by Prof. Weighton were most valuable and interesting. Gentle- 
men present who had the charge of engines must realise very distinctly 
what they had heard from Prof. Weighton. There were many points he 
had clearly and distinctly put before them, and which their own ex- 
perience would fully bear out. He regretted Mr. Andrews was abroad, 
and therefore would have to reply in writing, but he had the greatest 
pleasure in asking them to accord him a vote of thanks in the usual way 
for his paper on " Cylinder Ratios." 

The vote was given by acclamation. 
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THE EFFECTS OF DIFFERENT ARRANGElMENTS OF CRANK 
ANGLES UPON THE ECONOMY OF QUADRUPLE EXPAN- 
SION ENGINES. 



By A. L. MELLANBY, B.Sc. 



[Read bbfoub the Institution in Newcastle-upon-Tyne, on Tuesday, 

April 26th, 1898.] 



In accordance with the wishes expressed by several members of this 
Institution, after Prof. AVeighton had read his paper upon the experi- 
mental engines at the Durham College of Science, the writer now brings 
forward an account of another series of experiments carried out upon 
those engines. 

The main object of the trials to be described was to find out whether 
it was the more economical to work quadruple expansion engines with 
the cranks H.P., Ist LP., 2nd LP., and L.P. at right angles to each 

H.P. 



H- 



other, following in the order given, thus : — l.p. 1 ut i.p. 

2nd LP. 

or with the cranks H.P. and Ist LP. opposite each other, and at right 

HP. 



H- 



angles to the 2nd LP. and L.P. thus : — 2ndi.p. — I — l.p 

lat IP. 

From the manner in wliich the trials were carried out, and the waj 
in which the results have been recorded, it is hoped that several points 
other than the main results may prove of some interest. 

As the engines have been so recently and then so fully described, it 
would be out of place to take up the time of this meeting by presenting 
many details about them, consequently a very short account will be 
given, only sufHcieut to make the paper intelligible to those who are 
not familiar with that read by Prof. Weightou. 

The engines are of the vertical marine type, with four cylinders and 
four cranks. The sizes of the cylindei-s used during these trials were : — 
High pressure, 7 inches; Ist intermediate pressure, lOi inches; 2nd 
intermediate pressure, 15^ inches ; low pressure, 23 inches. The stroke 
of all the cylindei-s is 1^5 inches. 
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Measuring tanks are provided for determining the amount of feed- 
water used by the engine during a trial, and the amount of circulating 
water used may also be ascertained. The power of the engine is taken 
up by a hydraulic dynamometer of the type introduced by the late Dr. 
W. Froude, and to this is attached a specially designed apparatus which 
acts as a revolution counter and automatically records the brake horse- 
power exerted by the engine during a trial. By means of sluices the 
resistance of the dynamometer may be adjusted, thus allowing a large 
amount of control over the revolutions of the engine. The bolt holes 
in the crank shaft couplings have been so an'anged that the different 
cranks may be set at varying angles with each other. It will be seen 
that this engine is admirably adapted for the set of experiments to be 
described, as a trial may be run with the cranks at any particular angles 
to each other, and then, without altering any other part of the engine, 
the bolts may be taken out of the couplings, the cranks adjusted to any 
other required angles, and coupled together ready for the next trial. 

So far as the direct object of the investigation is concerned the 
only important results are those to be obtained with the highest boiler 
pressure available, 210 lbs., as it would not be advisable to work a 
quadruple expansion engine in actual practice at a much lower pressure. 
For this, it would have only been necessary to run one trial with the 
cranks in the one position, and another with the cranks in the second 
position, and compare the results obtained in the two cases. 

After a considerable experience in engine trials, the writer hiis found 
that, for purposes of comparison, isolated trials, such as these would have 
been, are to be examined very critically, because from the nature of the 
experiments errors are liable to creep in, and with only one deter- 
mination these may be lost sight of. This has, without doubt, much 
to do with the many conflicting results that are to be found of engine 
trials, and it is to be regretted that so many sweeping assertions have 
been made from the results of one or two trials. In order, then, to 
eliminate experimental error as far as possible, with each arrangement 
of crank angles a series of experiments was made with varying boiler 
pressure. As will be noticed later, this allows the results obtained to be 
put into a very simple diagi'ammatic form. 

The lirst cx})erimcnt was made with a boiler pressure of 210 lbs., 
a vacuum of 24 inches, and 110 revolutions })er minute, as nearly as 
practicable. The cut-olV in the hit,^h- pressure cylinder was at 12 inches 
of the stroke, i^ivini; 17*1 total expansions. Other experiments were 
then made uL (liU'crent boiler i»nssnres, down to 70 lbs. The point 
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of cut-off in the high-pressure cylinder remained at 12 inches, the 
viicuum was kept at about 24 inches, by regulating the amount of circu- 
lating water, and the revolutions about 140 per minute, by changing the 
resistance of the dynamometer. 

The relative positions of the cranks were then changed, and a similar 
set of trials made, the crank angles being the only factor that differed 
in the two series of trials ; this gave experimental results of a fairly 
wide range to compare. The principal results determined are given in 
the table, and the economical relations of the two systems are shown in 
Fig. 1 (Plate XXVII.). To a base of brake horse-power are set off, as 
ordinates, the total pounds of water used by the engine per hour. An 
average line is then drawn through these points, and from this is 
calculated the water used per horse-power per hour, as shown by 
the curves. On the same base are set up ordinates of indicated 
horse-power, and an average line is drawn through the points there 
shown. It will be noticed that, for both sets of trials, the lines through 
the points of total water per hour and of indicated horse-power are 
practically straight lines. For the whole series of experiments the 
line of water per hour for the "cranks opposite" lies below that for 
the "cranks at right angles," showing the superiority in economy of 
the former arrangement over the latter. The line of indicated horse- 
power is also lower, pointing to a slightly higher mechanical eflSciency of 
the " cranks opposite." It is to be noted that the results are in terms of 
the consumption per brake horse-power, the factor determining the real 
efficiency of an engine, although it will be seen that the water used 
per indicated horse-power for the " cranks opposite " is also slightly less 
than for the other arrangement. It ought to be explained that the line 
showing the total water used per hour is in reality a measure of the units 
of heat used per hour. This is obviously the more fair method of 
comparison, as the heat value of a pound of steam at 80 lbs. pressure 
is different to that of the same quantity at 210 lbs., and if pounds of 
water are only recorded, it is to the disadvantage of the lower pressures. 

The method of heat units also takes account of variations in the hot- 
well temperature. These variations for different trials are unavoidable, 
as it is impossible to have the vacuum exactly the same in all cases, whilst 
at the same time the condensed water from the receivers, which passes into 
the hot well, is at a less temperature for the low-pressure trials than for those 
at the higher pressures. For each trial the nu ruber of heat units used by 
the engine, that is, the heat units given out by a pound of steam between 
the temperature of the high pressure steam chest and that of the hot well, 
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multiplied by the pounds of steam the engine uses per hour, were found. 
This gives necessarily a very large number, and to make the results 
more intelligible these numbers were each divided by the same quantity, 
namely, 1,111. This figure represents the heat units required to raise a 
pound of water from an absolute pressure of about 2 lbs. to steam at 210 
lbs., so that the results obtained from dividing by this number may be 
considered to represent the pounds of water the engine would use, with a 
pressure of 210 lbs. absolute in the steam chest and a vacuum of 26 inches 
under the conditions named. In the diagram the results have been called 
pounds of water, but it should be remembered that they are in reality 
heat units, and, consequently, represent the true comparative economies 
of the different trials. The actual pounds of water used are given in the 
tables. 

In Fig. 2 (Plate XXVIIL), which has been constructed from Fig. 1, 
the base line is taken as absolute pressures in the high-pressure steam chest, 
and the pounds of water used per indicated horse-power and per brake 
horse-power are drawn. The absolute pressures at which the experiments 
were run were first put down as ordinates on a diagram similar to Fig. 1, 
and, like the water used per hour, gave a straight line. This allows 
us without taking any great liberties to produce the curves, and, con- 
sequently. Fig. 2 shows the results to be expected with pressures up 
to 250 lbs. The noticeable point in this curve is the good results 
obtained with the low pressures and the consequently comparative small 
gain there seems to be likely to arise from higher pressures. It may 
be objected that the number of expansions (17'4) was not the most 
suitable for the higher pressures, and that with more expansions a better 
result would have been obtained at 250 lbs. pressure ; but the same 
argument would hold good with respect to the lower pressures also, 
which would give better results with less expansions. If we consider 
17*4 the best number for about 200 lbs., and from the paper read by 
Prof. Weighton this would appear to be nearly the case, then both below 
and above 200 lbs. we ought to get better results than are shown here. 
The curve of l>est results would probably be something like A B. Of 
course this is i)Hrtiy speculative, but it seems to point out that the gtiin 
to be expected from the use of high pressure has been often greatly 
exii{,^gorated. This, however, is a point which requires further investiga- 
tion, and it would be a very valuable research to find out the most 
economical number of expansions for dilTerent boiler pressures, and from 
these results to see what the actual gain in economy is likely to be from 
the use of high-pressure steam. 
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Figs. 3 and 5 (Plates XXIX. and XXX.) show the expanded indicator 
diagrams from the engines under the two conditions, with the boiler 
pressure at 210 lbs. The full curve shown is the adiabatic curve, 
calculated from the feed- water used per stroke, so that the area included 
between this curve, the vertical line, and the horizontal lines from any 
two pressures represents the full theoretical quantity of work that could 
be obtained from the steam working between those pressures. The effect 
that the difference in crank angles has upon the high-pressure exhaust 
line is very marked, and is worthy of notice, the line dropping gradually 
with the cranks opposite, and suddenly when they are at right angles ; 
it may be that the difference this has upon the mean temperature of the 
cylinder walls in the two cases accounts for the slightly increased amount 
of water used per revolution when the cranks are at right angles.* 

Figs. 4 and 6 (Plates XXIX. and XXX.) show the curves of effective 
pressure and turning moments, allowing for inertia effects, deduced from 
the indicator diagrams for both arrangements of cranks. There seems to 
be a notion abroad that the turning moment for a four-crank engine 
must be very uneven, especially for the arrangement we have called 
" cranks opposite," which some engineers assert will be almost as bad as 
that for a two-crank engine. The actual curve shows that this is not so, 
the turning moment being very steady throughout a revolution. For 
the ** cranks at right angles" the minimum is 27 inch-tons, the maximum 
88'7 inch-tons, and the mean value 31*7 ; with the "cranks opposite" 
the minimum is 26*5 inch-tons, the maximum 38*4 inch-tons, and the 
mean 31*3. There is practically no difference between the minimum 
and maximum values for the two cases, although the " cranks opposite " 
seems on the whole to have the steadier turning moment. 

The general conclusion to be drawn seems to be that the arrangement 
with the *' cranks opposite " is the better of the two, both as regards 
economy and steadiness of working ; and it is hoped that these experi- 
ments may help engine builders who are contemplating building 
quadruple engines to determine which arrangement of cranks they should 
adopt. 



• Sec jjaper by CaUciuliir and Nicolson on "The Law of Contlensution of Steam." 
Proceedingx of the ItmNfution of Civil Engineers, vol. cvxxii , part 2. 
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DISCUSSION. 

Prof. Weighton said he was personally obliged to Mr. Mellanbj, 
and that for two reasons, because he had consented to undertake the 
preparation of this paper and because of the excellent and careful 
manner in which he had carried out the work undertaken. The amount 
of work involved in the preparation, especially of the crank effort 
diagrams, must have been very great indeed. As regarded the broad, 
general lesson to be learnt from these trials as here recorded, there was 
absolutely no doubt in his mind. At first he (Prof. Weighton) was very 
sceptical of the results obtained, as Mr. Mellanby knew, and insisted 
upon the trials being repeated, to make sure there was no error. They 
certainly got some abnormalities and irregularities which they could not 
explain, but that always occurred with experiments. In order to make 
certain of no mistake, he had, since the date of Mr. Mellanby 's trials 
made fresh experiments, and these fresh experiments confirmed exactly 
the results given here, although these latter trials were made with a 
different high-pressure cylinder, and with a new slide valve, on which he 
was experimenting. The results, at full power, were exactly the same as 
those in the paper, and he therefore considered they might be taken as 
absolutely correct for the circumstances in which they were made. 
There was, he thought, no difference appreciable in the turning moments 
of the two arrangements. The one was equally as good as the other. 
He at first thought like those to whom Mr. Mellanby referred, that 
probably cranks placed right opposite would not be quite so good as 
cranks at right angles ; but they had turned out to be quite the same, 
at least under ordinary conditions of cuts-off such as were likely to be 
used in marine engines. No doubt, if cuts-off were to vary very much 
there would be some difference in the results. While, however, there 
seemed no difference in turning effort there tvas a difference in economy. 
If they compared in Fig. 1 (Plate XXVII.) the curves of " water per indi- 
cateil horse-power" and " water per brake horse-power," it would be found 
that the difference Ixjtween the two former was just one-half that be- 
tween the two latter. That is, the saving in water per indicated horse- 
power was 1\ per cent., while the saving |H:r brake horse-power was 3 per 
cent. The straiglit lines of indicated horse-power on same figure show 
the secret of the former saving — higher mechanical efficiency; that was to 
say, to attain a given brake power a higher indicated power must be 
attained with cranks at right angles than with cranks opposite. The 
other IJ per cent, must therefore be due to an increased efficiency of 
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steam in the case of opposite cranks as compared with right-angle cranks. 
How did that come about ? He thought it could be explained in this 
way : the increased efficiency of the mechanism when the cranks were 
opposite seemed to him to be due to the fact that with cranks right 
opposite the crank shaft would, so to speak, be floating more or less, and 
there would therefore be a minimum of pressure upon the main bearings. 
In other words, there was a couple always tending to turn two contiguous 
cranks, the forces never acting in the same direction and not pressing 
the shaft into the bearings ; whereas, with cranks at right angles, both 
pistons acted during at least one-half of their stroke in the same direction, 
thus pressing the shaft upon its bearings. Therefore, on the whole, he 
thought in the latter case there would be increased friction loss on the 
main bearings. Secondly, how could this changing of cranks affect 
efficiency of the steam ? This was a question which puzzled him for 
some time, till it occurred to him to lay down a diagram showing the 
variation of virtual receiver capacity in the two cases. (See diagram, Plate 
XXXI.). From this diagram it was clear that in the case of right-angle 
cranks the high-pressure cylinder was subjected throughout its whole length 
to the minimum temperature of the receiver, whereas in the case of opposite 
cranks, only from one-third to one-half of its length was subjected to this 
minimum temperature, whatever it might amount to. In this latter 
case, therefore, one would expect rather less condensation at admission, 
and if initial condensation means loss, then this consideration would 
explain at least some part, if not all, of the difference in steam-efficiency 
shown in these results. What he had said about the high-pressure 
cylinder referred also, of course, to the laP cylinder. In conclusion, he 
(Prof. Weighton) said he had made a calculation, by taking the price of 
coal at about £1 a ton, that they would save about 10s. per thousand 
effective horse-power per steaming day by using the cranks opposite as 
compared with right angles. 

Mr. J. K. SiNTON asked how they were going to get the engines 
started with the cranks right opposite, and how could they be reversed ? 

Prof. Weighton said there was no difficulty at all — rather easier 
started the one way than the other with four cranks. 

Mr. J. K. SiNTON quite agreed they could with quadruple engines, but 
tlioy had triple expansion and compounds to deal with ; as regarded the 
compound he had had them at various angles, but he was of opinion that 
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an angle of 90 degrees was the best and most economical. They were the 
most easily handled in working out of and into port. It was one thing 
working vessels at sea on a long voyage, it was another thing after having 
run fifty or sixty days to bring them into port without incurring damage. 
They had heard a great deal of late about the incapacity of engineers as 
regarded bringing vessels into port. He thought the engine builders were 
much to be blamed, as they evidently had not taken into consideration 
the matter of working the engines in narrow waters and rivers when 
setting the crank angles. 

Prof. Weighton said his friend had entirely misinterpreted the 
intention of the paper. It referred alone to four-crank engines, they 
could not put the cranks opposite in two-crank. For land purposes there 
was no reason why two-crank compounds, with a fly wheel, should not 
have cranks opposite, indeed it was done every day in small engines. 

The Vice-President said he was sure they would agree with him 
that they had heard a most interesting paper ; not only interesting in 
the information given them, but more especially in the fact that it was 
not hypothetical ; the whole of it consisted of facts taken from the 
experimental engine at the Durham College of Science, Newcastle, and 
which were of the utmost value. He should just like in particular to 
refer to page 281, where the writer spoke of the turning moment of 
the cranks. There was no doubt many of them would have heard 
within the last two or three years a great deal said about the turning 
moment of the cranks, and that four cranks were nothing more or less 
than the multiple of the evil of the turning moment of the two cranks 
of the compound engines. He must say he was surprised at the results 
obtained, and he believed many like himself had held very different 
views. He thought this was very strong evidence of the great value of 
an experimental engine like the one at the College, and must be satis- 
factory to the donors of the engine. 

The discussion was adjourned, and the meeting dissolved. 
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COMMUNICATION FROM MR. GEORGE DYKRS ON "A 
RELIABLE METHOD OP OBTAINING THE NECESSARY 
DISPLACEMENT AND CENTRE OP BUOYANCY OP 
SHIPS." • 

Hamburg, 

March, 1898. 
Dear Mr. Duckitt, 

In Mr. Hogg's paper on " The Comparison and Construction of Ship's 
Lines," he describes a very useful method for drawing a curve of areas, 
representing the volume of displacement of the ship, but as these curves 
are of a similar form and for a certain type of ship, they may not agree 
with the ideas of other designers as to what a ship should be like. 

It may interest the members of this Institution to hear of an old and 
very reliable method of obtaining the necessary displacement and centre 
of buoyancy longitudinally, which will in no way interfere with the 
designer's freedom. As will be seen by reference to Plates XXXII. and 
XXX III., any desired coefficient can easily be found, and at the same 
time the designer is not limited to any definite form, because he can 
make his curve of areas to suit his ideas. 

Plate XXXIT. shows the form of different figures enclosing an area 
denoted by the coefficients marked between the two diagrams, the scales 
at the foot of the plate show the variation in the height of the centre 
of gravity for the different figures. 

Plate XXXIII. In constructing the diagram for curves of areas 
shown in this plate, Fig. 1 is a rectangle divided into a number of trapeziums 
equal to an area denoted by the coefficient along the top of the figure ; 
the centres of gravity above the base are calculated for each trapezium, 
and the ratio of this height to the total height is shown in Fig. 8. 

Fig. 2 (Plate XXXI 1 1.) is the rectangle divided vertically along one 
side into trapeziums equal in area to those in Fig. 1, but the height of 
the centres of gravity for these are a smaller ratio than those in Fig. 1, 
as will be seen by reference to Fig. 3. This Fig. 3 is applicable to all 
cases, giving the height of the centre of gravity in any area of a given 
coefficient, and the maximum variation the centre of gravity has in all 
curves of arc form. 

* Alladed to by Mr. Robert Thompson on pa^^e 197. 
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Fig. 4 (Plate XXXIII.) shows the latitude and Fig. 6 (Plate XXXIII.) 
its application. In Figs. 4 and 6 all the trapeziums are equal to a 
coeflficient of '70. 

Fig. 5 (Plate XXXIII.) is an example showing the constniction of a 
curve of areas for the after body of a ship, the following particulars 
being given : — 



270 feet. 

39 „ 

16 „ 
600 square feet. 

•70. 
270 forward of midship station. 
3,240. 



Length on wateMine... 
Beam moulded 
Draught from top of keel 
Area of midship section 
Cylindrical coefficient 
Centre of buoyancy ... 
Displacement in tons ... 
In Fig. 5 — L = half length on water-line. 

D = area of midship section. 
Draw a rectangle to any convenient scale, make the length equal to 
half water-line, and the height equal to the area of the midship section. 
Draw the coefficient line EF, making the length X equal to — 

^^JJ = .3(L X D) .-. X = -eL, 

and ^-^~ = •3(L x D) .-. Y = -eD, 
id 

and join P]F. 

A trapezium can now be drawn, keeping the point C in any position 
along EF, and the area will be equal to "70 of the rectangle. The 
position of the point C allows the designer to make what he may think 
the most suitable type of curve. 

Having drawn in the trapezium A in Fig. 5, it can quickly be altered 
to Al, Fig. 5, or as more clearly shown by the dotted lines in Fig. 6 (as 
the dotted line is a closer approximation to a curve). Having done this, 
it is easy to draw in the curve representing the volume of displacement in 
the after body. The forward body will be the same as the after body, 
unless the centre of buoyancy is required to be away from the midship 
station. 

If it is required to place the centre of buoyancy in any other position, 

Z 

say 2'70 forward of midship station, then from Fig. 5 the ratio of == 

•90, and refei-ring to Fiir. 3 it will be found that the height of the centre 
of gravity for *70 coeiricient and '90 ratio is equal to '420 of D. Mark 
this lu^ight on the midshij) station in Fig. 5, and set oil in the direction 
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of the fore body the position of the centre of buoyancy in per cent, of 

2*7 
the length, say ^^ = 1 per cent, of water-line length and 2 per cent, of L, 

through this point and the intersection of the midship station with the 
base, draw a new station and make the other stations parallel to it ; 
where the curve of areas, B (Fig. 5), intersects the square stations, 
project these points on to the new angular stations and draw in the 
curve Bj, this curve will be finer than the curve B in the after body, and 
fuller in the forward body, and the centre of buoyancy will be 2*70 
forward of midship. 

This method will be found to give a very close approximation to any 
curve of area required. 

I have to express my best thanks to Robert Thompson, Esq., for his 
kindly undertaking the preparation of the above drawings, etc. 

Yours faithfully, 

George Dykes. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 

Fourteenth Session, 1897-98. 



PROCEEDINGS. 



CLOSING BUSINESS MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, MAY 13th, 1898. 



Col. HENRY F. SWAN, J.P., President, in the Chair. 



The Secretary read the minutes of the last General Meeting, held in 
Newcastle-upon-Tyne, on April 26th, which were approved by the mem- 
bers present, and signed by the President. 

The ballot for new members having been. taken, the President 
appointed Messrs. R. H. Muir and Jas. Thomson to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Alexander, Francis H., Ship Draufi^btsraan, 42, Percy Park, Tynemouth. 

Mechan, Henrj, Engineer, c o Messrs. Mechan & Sons, CranstonhiU, Glasgow. 

Spark, H. King, Engineer, Messrs. Anti-Attrition Metal Co., Ltd., Emerson 
Street, South wark, London. S.E. 

Thompson, Arthur E., Engineer, 19, The Crescent, Gateshead-on-Tyne. 

Waller, Thos. Naunton, Engineer, 10, Hollj Avenue, Jesmond, Newcastle-upon- 
Tyne. 

GRADUATES TO MEMBERS. 

Maslen, Frank E., Engineer, 14, Belsize Park Gardens, Hampstead, London, N.VV. 
Nichol, Bryce G., Engineer Draughtsman, 84, Third Avenue, Heatou, Newcastle- 
upon-Tyne. 

ASSOCIATE. 

Winter, Edward G., Accountant, 10, Lincoln Terrace, Gateshead-on-Tyne. 

GRADUATES. 

London, W. J. A., Engineer Draughtsman, 12, Victoria Square, Jesmond, 

Newcastle-upon-Tyne. 
Smith, F. Henry, Ship Draughtsman, c/o Messrs. Laird Bros., Birkenhead Iron 

Works, Birkenhead. 
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The Secretary read Mr. A. E. liong's reply to the discussion on his 
paper on " Some Points of Interest in the Designing of Cargo Steamers.*' 
Also Mr. James Andrews's reply to the discussion on his paper on 
" Cylinder Ratios." 

The discussion on Mr. A. L. Mellanby's paper on " The Effects of 
Different Arrangements of Crank Angles upon the Economy of Quadruple 
Expansion Engines " was resumed and concluded. 

Closing Business. 
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relatively less important in very large vessels at ordinary mercantile 
speeds ; in fact, in the coming race of ships, 1,000 feet long or so, they — 
or their successors— might very closely approach the square-ended box, as 
far as smooth water trials were concerned. Probably the limit would be 
found in the actual sea-going performances. In vessels of moderate size, 
as stated in the paper, they had already, he believed, overstepped 
the useful limit of coefficient. The vessel of 'Sib coefficient given by 
Mr. De Rusett was probably very large — approaching 600 feet in length, 
for which, of course, 11 knots was a relatively moderate speed ; if, how- 
ever, they built a vessel of, say, 300 feet on the same lines, the result 
might be very poor. 

Mr. Hogg made his remarks so brief that they bore a decidedly 
oracular aspect. He gave 412 feet 6 inches by 60 feet, and 400 feet by 
52 feet 10 inches, instead of the figures given in the paper, but did not 
confide to them how these dimensions were arrived at. By a somewhat 
extensive course of reading between the lines they might guess that they 
were obtained by constructing block ships of equal angle of entrance. It 
might be useful to consider what would occur if Mr. Hogg oflFered these 
alternative proposals to the average shipowner in the form of tenders. 
The man of money would most likely first note that the broad vessel was 
slightly the cheapest, then a little simple multiplication would show him 
that, taken as a rectangular box, she was also the largest. On these 
grounds alone the shipowner would probably select the broad design, and 
with a not unnatural desire to get the maximum value for his money, 
would instruct Mr. Hogg to use the coefficient of the longer boat. If the 
latter declined on scientific grounds to build such a vessel, there were 
many builders ready to build to any coefficient that might be asked for 
short of 1*00. He sympathised with Mr. Hogg in his dislike to the 
block coefficient in much the same way as he did with those persons 
who wished that all the world was good ; but, practically, the world was 
not all good, and shipowners used block coefficients or none at all. Pos- 
sibly a pleasing feature of the millennium might be the shipownei*s' study 
of tenders by the light of formidable scientific data ; but they had not yet 
reached that stage, so the block coefficient was used intentionally in the 
paper. Mr. Hogg appeared to think that there would be a saving in cost 
of machinery due to the longer vessel requiring less power. Practically, 
when alternative proposals, such as those given in the paper, were made the 
machinery tendered for would be identical, as almost every engineering 
establishment had stock sizes of engines, and did not make new drawings, 
patterns, etc., for every small variation in power possible in theory. This 
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slight difference between theory and practice, which Mr. Hogg might have 
overlooked, would account for the absence of any notice of power in this 
part of the paper. 

Mr. Alexander had favoured them with a very interesting maiden 
speech, which had all the more value as the speaker had had some 
practical sea-going experience. As regarded what might be called the 
millinery part, the use or otherwise of dotted lines in the diagrams, un- 
less these erroneously represented the visible or hidden parts of a solid, 
they were generally left to the fancy of the author. If the present selec- 
tion had in any way offended Mr. Alexander's susceptibilities the writer 
was sorry. Mr. Alexander drew attention to some points of interest which 
had been wholly omitted. He had possibly not read the title of the paper 
as carefully as he apparently had the paper itself. The word "some" was 
inserted advisedly, as the writer was well aware that a paper dealing 
with all points would have more nearly reached in length twenty hours 
than twenty minutes. If he had drawn Mr. Alexander's attention to 
possible subjects for a paper he would have doubtless done the Institution 
a service. Mr. Alexander's remarks about the difference between sea- 
going and measured mile results illustrated very well one of the puzzles 
which the ship designer met with. Oiven an admirable form for tank 
experiments, or smooth water trials, would she be a success in practical 
work ? The Atlantic liners were well known examples of good forms for 
sea work, which might be easily beaten in a tank. Some of the most 
successful of the torpedo boat destroyers might also have been improved 
upon from the smooth water trial point of view, if their designers ignored 
practical sea-going requirements. In them, of course, the temptation to 
do wrong was almost irresistible. 

He was pleased to find that Mr. Robt. Thompson agreed with the 
objections raised to coefficients beyond '8. Some instances were given 
in the paper in which Lloyd's rules did not appear to be quite adapted to 
latter-day requirements, and there were a good many more, but they did 
not quite come within the scope of the paper. 

In conclusion, he begged to thank the members for the very kind 
way in which they had received this paper. 

The President said they were all very much obliged to Mr. Long 
for the valuable jjapcr he had contributed, and he was sure they would 
authorise him to accord to Mr. Long a vote of thanks for his paper. 

The proposal was received with acclamation. 
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MR. JAMES ANDREWS'S REPLY TO THE DISCUSSION ON 
HIS PAPER ON "CYLINDER RATIOS." 
The Secretary read the following reply from Mr. Andrews to the 
discussion on his paper on "Cylinder Ratios" : — 

Dear Mr. Duckitt, 

In reply to the discussion on my paper, I will endeavour to answer 
the various criticisms in the order in which they have been reported to 
me. Mr. Gaine, in opening the discussion, complains of a want of 
lucidity in the paper, which, of course, is as likely to be the fault of the 
reader as the fault of the writer, and from the remainder of his criticism 
I am disposed to think that the former is the case. Mr. Gaine's first 
difficulty is that he does not understand how to use the diagrams. When 
it is considered that a paper must be read within a limited time, it seems 
a waste of time to give the reason and describe the method of con- 
struction, then to describe the reverse process. However, I will now 
state a case. Given a quadruple expansion engine having a mean 
initial pressure of 190 lbs. absolute, low-pressure back-pressure of 4 lbs., 
and a terminal pressure of 8 lbs. absolute. The relation between the 
actual terminal pressure and the diagram terminal pressure depends upon 
the designer's practice, but is not of very much importance, say about 
10 per cent, difference, or nearly 9 lbs. On Pig. 4 (Plate XXIII.) we find 
for 9 lbs. terminal pressure and 190 lbs. initial pressure, the cylinder 
ratios to be 2*08, 4 48, and 11*07, with a rate of expansion in each 
cylinder of 1*42, or practically 70 per cent, cut-off. The diagram mean- 
pressure reduced to the low-pressure cylinder is 83'7 lbs., which, multi- 
plied by a coefficient, also determined by the designer's experience, say '9, 
gives 80*8 lbs. actual mean pressure reduced to the low-pressure cylinder. 
It is a matter of choice whether the terminal pressure, total rate of 
expansion, or rate of expansion in each cylinder be determined, the 
remaining factors will be found on the diagrams. There is no possible 
means of getting over the element of experience in determining the 
coefficients referred to, nor is there any serious difficulty in determining 
them as Mr. Gaine would appear to think, and any method or diagram 
which pretends to meet all cases without them, would be worse than 
useless. The next point raised by Mr. Gaine has reference to the effect 
of the low-pressure back-pressure upon the cylinder ratios. In this con- 
nection he seems to associate a small cylinder ratio with a high efficiency, 
although why I am at a loss to understand, because there is certainly 
no reference to the relative economy of the two cases mentioned in the 
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paper. There is also some confusion in his mind with regard to the 
equality of temperature ranges, but to which I will refer later on. 

The question anent the " PowerfuFs " cylinder dimensions was raised 
by Mr. Gibson during last session.* I have not recommended any 
cylinder ratios, although I have given cylinder ratios which would 
produce certain results. In short, Mr. Gaine's remarks are largely com- 
posed of misunderstandings, perverted quotations, and unwarranted 
opinions, which I can only account for by a careless perusal of the paper. 

Mr. Mellanby states the importance to the engineer of properly 
determining cylinder ratios, at once clearly and concisely, and with 
which I fully concur. With the explanation of the diagrams which I 
have already given, coupled with a very little experience, he may find 
that they will not only save him a great deal of trouble, but that very 
nearly, if not absolutely, the best size of cylinders for any given power 
and initial pressure can be fixed in a very few minutes. The principal 
point raised by Mr. Mellanby, however, has reference to the range of 
temperature in each cylinder. In condition (b), page 200 of the paper, 
it is stated that " the temperature range in each cylinder should be as 
low as possible and probably equal." Now, the probability here implies 
a doubt which Mr. Mellanby does not entertain, but I would submit that 
it is a reasonable doubt, because it is not a point upon which one may 
express a dogmatic opinion. It may be that the temperature range in 
the first cylinder should be least, but certainly Mr. Mellanby has not yet 
shown it to be so. What he has shown is that it is more economical to 
expand steam in three stages than in two, and that in three-stage 
expansion engines there are good and bad subdivisions of the three 
stages, but what part the temperature range in the high-pressure 
cylinder played in the ultimate result apart from other causes he has not 
told us. As a matter of fact, the most economical engines which I can 
recall to mind at the moment are directly opposed to Mr. Mellanby's 
theory, inasmuch that the highest temperature range is in the first 
cylinder and the lowest in the last. Notably, the cotton mill compound 
engine referred to in Thurston and Brinsmeud's paper,t in which the 
temperature ranges are, high-pressure 110 degs., low-pressure 91 degs. 
Fahr. ; the Milwaukee triple expansion pumping engine,J in which they 
are, high-pressure 86 degs., intermediate-pressure 59 degs., and low- 
pressure 56 degs. Fahr., and, finally, the Sibley College triple expansion 
engine, given on ])age 209 of the paper. 

As Prof. Weigh ton had told them, I received my early drawing office 

* TransartionJiy vol. xiii., pjige 216. -f f^ec Industries and Iron, vol. xxiv.. page 2i 
I Sec TraJisacfions of Institution, vol. viii., pagf 73. 
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training under his direction, and it was due to what I believe to be his 
first paper on this subject, and the absorbing interest he took in it at 
that time, which led me to follow his example. I have followed his 
methods ever since, have worked out and tabulated coefficients by the 
hundreds, and am therefore in a position to appreciate his remarks anent 
their inconsistency. It was, in fact, their inconsistency which forced the 
writer, for the purpose of calculating cylinder ratios, to abandon them at 
the intermediate stages, and by comparing the cylinder ratios so cal- 
culated with actual engines, to see whether the actual cylinder ratios or 
subdivisions of expansions did not affect the coefficients in question. 
A few of those comparisons with actual engines of different types are 
given on page 205, which show that in every case, whether the actual 
cylinder ratios be larger or smaller than those calculated, the latter 
indicate the direction of an improvement, and from which it may be 
inferred that if cylinder ratios were systematically determined on this 
basis the coefficients for receiver and mean pressures in each cylinder 
would be much more uniform. Why that should be so was partly due 
to the percentage of water as compared with steam present in each 
cylinder, which was found to vary in a certain way with the cylinder 
ratios and the rate of expansion in each cylinder. When Prof. 
Weighton states that *' in no two cases, even of engines built from the 
same plans and patterns put into similar ships, would they get identical 
coefficients except by chance." Presumably he refers to workmanship or 
the quality of the steam supplied from the boiler, which are questions 
outside the scope of the present paper. 

With regard to the symbols, Rj and R, are correctly described on 
page 201 as representing relative volumes, and not cylinder ratios or 
cylinder volumes, as mentioned by Prof. Weighton. Referring to the 
question of economy, Prof. Weighton quotes the four conditions given 
on page 200, which '* ought to be fulfilled in order to secure the 
most economical results," etc., and credits me with a little confusion 
in the mind "about the difference between desirability and economy." 
Now, I did not know that these two words had any relation to each 
other at all, but I can draw a very broad distinction between ought 
and muM. The former is the word used, and since it implies a 
desirability — not a certainty — there is no confusion, but in reality an 
agreement with him. A little further on he tells us that in the Durham 
College experiments none of the elements were equal when maximum 
economy was reached, as if that was a proof that they need not be equal. 
I would say, on the contrary, that it was very strong evidence of the 
cylinder ratios being bad, and when coupled to the other published 
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information, that it was not the most economical quadruple expansion 
engine that could be made. Again, Prof. Woighton says : — " The writer 
assumed that if they had equal rates of expansion in each cylinder they 
would secure, theoretically, all the other conditions he specifies, that was, 
equal maximum loads on pistons, equal temperature ranges, and equal 
powers." It is scarcely conceivable that anyone could make such an 
assumption and at the same time publish Diagrams 5, 6, and 7 (Plates 
XXIV., XXV., and XXVI.) in the same paper, because they would 
condemn it at once. Neither equal temperatures nor equal maximum 
loads would be secured but what is assumed ; what is said in fact on page 
207 is, that there is an "approximate coincidence," which Prof. Weighton 
evidently agrees with. The explanation of the sentence (page 208) : 
"The best results should be obtained by a judicious combination of 
increasing the number of expansions with a reduction of the steam 
pressure or conversely," was that increasing the number of expansions 
has the effect of increasing the relative power, initial load, and tem- 
perature range in the low-pressure cylinder ; while reducing the steam 
pressure has the effect of increasing the same elements in the high- 
pressure cylinder, so that a combination of the two would have the effect 
of maintaining an approximate equality which, it was considered, might 
produce the best results. 

In reply to Mr. Innes's question, I can only say that I have used the 
exponent ^- because it agrees with marine engine practice as well as any 
other and is in most general use. So long as there is free expansion in 
the inteimediate receivers of multiple cylinder engines there can be no 
fixed exponent, because the consequent drying of the steam alters the 
exponent at each stage. 

As Prof. Weighton pointed out in his opening remarks, the subject 
was an exceedingly complicated one, it is by no means solved, but it is 
only by the systematic treatment of it that we can ever hope to advance, 
and if the paper, with its accompanying discussion, has attained this end 
in some measure the object of the writer will have been fulfilled. 

In conclusion, I have much pleasure in acknowledging the valuable 
assistance rendered to me by Messrs. Suijver and Hamilton in the con- 
struction of the diagrams accompanying the paper. 

Youi-s faithfully, James Andrews. 

The President said they were all very much indebted to Mr. 
Andrews, who was apparently living in Holland, for his paper and the 
written remarks on the discussion. He had no doubt they would accord 
him a hearty vote of thanks. The vote was carried with acclamation. 
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DISCUSSION ON MR. A. L. MELLANBY'S PAPER ON " THE 
EFFECTS OF DIFFERENT ARRANGEMENTS OF CRANK 
ANGLES UPON THE ECONOMY OF QUADRUPLE EX- 
PANSION ENGINES." 

Mr. E. Griffith, in further discussion upon Mr. Mellanbj's paper, 
said there was one question he would like to ask arising out of the paper, 
and it was this : It seemed to him that this controversy dealt with a very 
old question which was settled the other way twenty or thirty years ago 
in respect to the two-cylinder compound engine. These were at first of 
the crank-opposite type, but it came to be finally believed that cranks at 
right angles were more economical than cranks opposite each other, 
quite independently of the other comparative merits of the two types. 
Now, these experiments described by Mr. Mellanby were simply the same 
thing over again, for this was a comparison between a series of compounds 
with cranks at right angles and a series mostly with cranks opposite each 
other, the result being in favour of the latter. He would like to know 
how Mr Mellanby accounted for this. Did he think the old engineers 
were wrong in this matter ? As a very large receiver was considered 
necessary for the best results from the old compound with cranks at right 
angles, he had thought that perhaps the receivers of the College engine 
were too small to give that arrangement of cranks a fair trial, but he was 
told by Prof. Weighton that actually the receivers were very large. 

Prof. Weighton — The high pressure only. 

Mr. Griffith suggested that possibly if all the receivers had been 
very large, the results of these trials would have been different, and more 
in accordance with the prevalent opinion in the days of the two- crank 
compound. 

Mr. A. L. Mellanby, in reply to the discussion, said that he felt 
very much obliged to Mr. Fothergill and Prof. Weighton for the kind 
remarks they had made at the previous meeting, and to the members 
generally for the manner in which they had received the paper. He was 
sure they would all be glad to learn that the confirmatory tests made 
by Prof. Weighton showed results similar to those given in the paper. 
The diagram (Plate XXXI.) presented by Prof. Weighton was extremely 
interesting, and when studied in conjunction with the expanded cards 
afforded a ready explanation of the difference in the exhaust lines in the 
two cases. With regard to the question of initial condensation, it would 

VOL. xiv.-uee. 20 



262 DISCUSSION— THE ECONOMY OF QUADRUPLE EXPANSION BNaiKES. 

be noticed that in the case of the cranks at right angles the lowest 
temperature in the high-pressure cylinder occurred at the end of the 
stroke when the piston was moving slowly. The consequence was that 
not only was the greater amount of surface exposed to the low tempera- 
ture, as mentioned by Prof. Weighton, but the time of exposure was 
longer than in the case of cranks opposite, when the lowest temperature 
was attained in the middle of the stroke. He thought that these two 
circumstances combined would result in the mean temperature of the 
cylinder walls being the lower in the case of the cranks at right angles, 
although the temperature range was practically the same in the two 
cases. However, the subject was worthy of more consideration and a 
more mathematical analysis, as he believed it contained the answer to 
practically the whole of the much debated question of initial con- 
densation. The remarks of Mr. Sinton were answered by Prof. 
Weighton, and did not require, he thought, any further reply from him. 
With regard to the point raised by Mr. Griffith, he thought the chief 
reason for adopting the cranks at right angles in the two-cylinder 
compound engine in preference to the cranks opposite was on account of 
the better turning moment the former arrangement gave, and the 
greater ease with which it was started. At present several high-speed 
engine-builders were adopting the cranks opposite style in compound 
engines, thereby obtaining better balance and a higher mechanical 
efficiency, and probably a greater steam economy, and getting over the 
-difficulty of the uneven turning moment by putting on a large tly-wheel. 
He did not think that by enlarging the receivers in the College engine 
the efficiency of the cranks at right angles would be increased, as the 
first receiver was already extra large, and, so far as steam economy 
went, he thought that was all to be looked for in the less initial 
condensation in the high-pressure cylinder, upon which the size of 
the second and third receivers could have little or no eifect. The 
gain in mechanical efficiency must also be independent of the size of the 
receivers. He had hoped that the advocates of high pressures would 
have hal something ,to say ; but perhaps they were now convinced that 
there wtis a good deal of economy to be got with pressures of 150 to 
1 80 lbs. Tiiis was all he had to say ; and he would, in con^^lusion, again 
thiuik them for the courteous manner in which they had received the 
paper. 

On the motion of the Phesidknt, a hearty vote of thanks was 
accorded by acclamation to Mr. A. L. Mellanby for his paper. 
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CLOSING BUSINESS. 
Alterations in the Constitution. 

The Pbbsident moved, on behalf of the Council, the following altera- 
tion in the Constitution : — 

Article IX. — The Council of the Institution shall be elected from and 
by the Members, and shall consist of one President, the Past-Presidents, 
«ifte eighteen Vice-Presidents, fifteen Ordinary Members of Council, and 
an Honorary Treasurer. 

Mr. RoBT. Thompson seconded, and the alteration was agreed to. 

The President moved the following alteration : — 
Article X., first paragraph. — The President and Honorary Treasurer 
shall be elected annually. Three Vice-Presidents and five Ordinary 
Members of Council shall be elected annually. The retiring Vice-Presi- 
dents shall he those who have served six years^ and Ordinary Members of 
'Council shall he those who have served three years from their last 
election. 

Mr. Wm. Boyd said he had an amendment to move in the spirit of the 
alteration. As the wording stood at present, it hardly met the require- 
ments of the case. He would just occupy their attention for a moment 
whilst he explained what he meant. They were aware that the Vice- 
Presidents had hitherto been nine in number. By a resolution passed at the 
last General Meeting that number was doubled, and became eighteen, and 
there had just been elected three new Vice-Presidents to replace those who 
would now retire under the old rule and nine new ones. The consequence 
was they had twelve new Vice-Presidents coming in at that meeting. When 
the next election came on, according to the reading of this rule as at 
present drawn, the retiring Vice-Presidents would be those who had 
served for six years. Now, at that time there would be no Vice-Presi- 
dents who had served for six years, consequently the Council would have 
to ballot from among the whole number of eighteen as to which should 
retire. By the operation of that ballot the three members to retire might 
fall upon those gentlemen whom they had just had the pleasure of electing 
with a view to strengthen the Vice-Presidents of the Council and the 
Institution generally — one or more of these might be balloted out after 
having been only one year in office. He thought it exceedingly desirable 
to avoid buch a possibility, and had to propose that the three members 
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who would retire next year should be those who would do so in the 
ordinary course under the existing rules, viz., those elected in May, 1896. 
Then at the end of the session in May, 1900, those three Vice-Presidents 
who were elected in 1897 would retire in their turn ; then when they 
came to the session of 1901 they would have the twelve men just now 
elected, all having served an equal time. They would have to be balloted 
for as to which three should retire, and the same thing would operate in 
1902 and 1903. In 1904 the last of the twelve now newly elected would 
come out of office in due course, and in subsequent years they would fall 
back upon the three longest in office. After consultation with Mr. 
Duckitt, his amendment would be upon the words printed in italics, and 
would read thus : — " The retiring Vice-Presidents shall be those wJio have 
been in office for the longest period,''^ Next year those would retire who 
were elected in 1896 and the following year it would be those who were 
elected in 1897, and so on (as explained above), until May, 1904, at 
which date and subsequently there would be found each year three Vice- 
Presidents who had been six years in office, and these would be those 
who had '* served for the longest period," and those words, he thought, 
would meet the case. They had had this matter thrashed out at the 
last Council Meeting, and the Council agreed to this alteration which 
he had proposed, subject to the approval of the General Meeting. It 
was arranged that he should move a resolution to that effect. 

Prof. Weighton had very much pleasure in seconding Mr. Boyd's 
proposal ; he thought it would be a great improvement over the method 
indicated in the circular. 

The President said that being the case, he would adopt Mr. Boyd's 
amendment, so that the resolution fell to the ground. When the rule 
was drafted the effect was not quite foreseen, and the Council quite recog- 
nised it would be injudicious to have such an operation as would have 
come about. He was, therefore, much obliged to Mr. Boyd for bringing 
tlie matter forward, and fully adopted his suggestion. He would, there- 
fore, put it that the words Mr. Boyd had now read be inserted in the 
i\rti('le of the Constitution, and that this Article would then rciid : — 
*' The; President and Honorary Treasurer shall be elected annually. 
Three Vi(;e-Pr(?sident8 and five Ordinary Members of Council shall be 
ele(;ted annually. The retiring Vice-Presidents shall be those ivho have 
been in office for the longest period^ and Ordinary Members of Council 
those who have served three years from their last election." 

This was unanimously agreed to. 
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The President proposed the following alterations in the bye-laws : — 
Bye-Law 11,' second paragraph. — Any voting paper returning either 
more or less than one President, mtte eighteen Vice-Presidents, one 
Honorary Treasurer, and fifteen Ordinary Members of Council shall be 
disqualified for the section or sections in which such errors occur, and the 
votes shall be lost for the said section or sections. The votes given as 
President to a Member who is not elected President shall count to him as 
a Vice-President ; the votes given as Vice-President or Treasurer to 
persons not so elected shall count to them as Ordinary Members of 
Council, unless they have just completed a term of office in such capacity. 
Add to Bye-Law 33. — A synopsis of the suhject-matter of each paper 
shall he forwarded to the Secretary hy the writer for insertion in the circular 
convening the meeting at which tlie paper is to be read. 

Mr. W. Boyd seconded, and the alterations were agreed to ne7)i. con. 



APPOINTMENT OF AUDITOR. 

Sir B. C. Browne had great pleasure in moving the re-appointment 
of Mr. R. W. Sisson as Auditor. He was well known to most of them, 
and, he believed, had performed his duties exceedingly well. He had, 
therefore, much pleasure in moving the appointment. 

Mr. RoBT. Thompson seconded, and the re-appointment was confirmed. 



THE COUNCIL AND MEMBERSHIP. 

The President declared the names of the gentlemen elected to fill 
the vacancies in the Council list as follows :— - 

President— Sin B. C. Browne, D.C.L. 

Vire-PreMents—yiEssus. W. J. Bone, G. Clark, A. Coote, John Dickinson, 

C. D. DoxFORD, Sir William Gray, Messrs. G. B. Hunter, Artudr Laino, 

D. B. MoRisoN, John Twbbdy, Col. P. Watts, and Mr. Tom Wbstoarth. 

Hon. Trea^rer — Mr. G. E. Macartht. 

Ordinary i}femberi of Council — Messrs. W. HOk, W. C. Mountain, 
H. B. KowKLL, A. G. Schaeffeh, and G. W. Sivbwrigiit. 
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INSTALLATIOX OF THE NEW PRESIDENT. 

The President said the announcement of the list of new ofScers of 
the Institution brought him now to what he might say was rather an 
important point in his career, as he had now to retire from the very 
honourable position in which they were good enough to place him two 
years ago ; but in doing so it aflForded him very great pleasure to have 
the opportunity to hand over the seals of office to a very old friend, a 
very distinguished member of the engineering profession, and a gentle- 
man well known to every one of them. He could only say he was 
extremely glad, and he thought the Institution was to be congratulated 
upon being able to obtain Sir Benjamin Browne's assent to fulfil this 
very important office. During the two years he (Col. Swan) had had 
the honour of presiding over the Institution he had had very many 
pleasurable experiences, he had had many pleasant meetings and pleasant 
excursions ; but the one thing that had been disappointing to him was 
this, that their meetings generally had been very badly attended. It 
seemed to him there was not that interest evinced in the Institution (as 
shown by the attendance at the meetings) as was desirable. In the last 
two years the number of members of one kind and another had risen 
from 985 to 1,073, or about 10 per cent, addition. Now, he had to say 
it was rather depressing that with an Institution having nearly 1,100 
members, they could not, on such an occasion as this, raise a larger 
audience than they saw before them that night. He could not refrain 
from making these remarks, for he did feel that this Institution, as an 
educational establishment, ought to draw forth from the members a 
greater amount of interest than it actually had done up to this time. It 
could do an immense amount of good, and if the members would only 
come together and exchange ideas and have discussions, the meetings 
would become very interesting in themselves and so draw the members 
together. He, therefore, hoped that under the new regime now starting 
Sir Benjamin would have the pleasure of seeing larger audiences than 
had been his own lot, but all the same, he bogged to thank those present, 
and the Council and Secretary, for all their kind co-operation during his 
term of office. It now only remained for him to ask them to accord to 
his successor the same kindness that they had accorded to him, with the 
addition of rather better attendances. 

Sir B. C. Browne then took the chair. 
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The President (Sir B. C. Browne) said he could assure them he 
appreciated very much the honour they had done him in putting him in 
the position that evening which he now held for the first time. They had 
had many Presidents since the Institution first started, but in one way the 
selection they had now made was an exceptional one, for, although he had 
been a member of the Institution from its commencement, he was sorry 
to say that from personal reasons he had been able to take only a small 
part in the work and success of the Institution. The success had been 
very great, and for the honour of that he could lay very small claim 
indeed. He was on the Council for three years, and during part of that 
time he had the honour of being Mayor of Newcastle, and that was 
the only time he had been on the governing body of the Institution. 
Ttie result was he took up this position with considerable diffidence 
and hesitation, for the same reason that had hitherto kept him back, 
and which, he was afraid, would operate against the efiiciency of his 
work in the future. The fact was that for nearly the last twenty 
years he had had to choose between technical work and other affairs, 
and had had to give his attention to subjects equally important, equally 
arduous, but not so closely mixed up with technicalities as engineering 
or shipbuilding. However, he was proud of this Institution, he was 
proud of his connection with it as President, and no effort would be 
wanting on his part during his period of office for the success of the 
Institution. He was sorry to hear, as he had heard, what the ex- 
President said about the non-attendance. He was sorry, not only for 
their own sakes, but for the sakes of the younger members of the Institu- 
tion. During the course of a long life one observed a great many things, 
and one thing he observed was this, that those young men who began life 
and started early in the way of reading and discussing papers coincided 
very remarkably with those who, in after life, became the leading mem- 
bers in their profession. They must go back to a very early age to find 
Lord Armstrong's first paper in the annals of the Literary and Philo- 
sophical Society, and they would find that the training which came from 
writing papers and putting their ideas in black and white, and putting 
them before members of their own class with a view to discussion, was 
one of the best trainings to qualify them for promotion. Some felt too 
modest and diffident ; some, he feared, felt that their ideas were too im- 
portant, and did not want to put them before other people ; but, at the 
same time, he knew they were both wrong. When they got on in life, so 
large a part of their success depended not only on their knowledge, but 
also on how to impress other people, so as to give the public or customei-s 
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cotiMenoa in them. They learnt not only to know, but also hor lo 
expn.iiH their knowledge. Sir George Homphiey, the great iiiigeoii 
examiner at Cambridge, when he was told that this young mmn and tbat 
young man knew his subjecte bnt conld not wdl exfHeaa what he knew, 
Ufled to Hay, '^ If a man really nnderstood hia sabject he could expren 
what he knew. It wa8 becanse his knowledge was slovenly that he could 
not (;X[ireHM it. The yoang man that conld not expieas what he knew ww 
not fit to take charge of a patient whose confidence had to be gained.** 
What u[)plie(l to the doctor applied to the yonng engineer and shipbuilder. 
Kvery engincNjr and draughtsman shonld try to woi^ np some sabject in 
which he felt he excelled, and then put it into black and white and bring 
it txjfore his comrades for free discussion. He hoped they woold have a 
keen cr;m{ietition in the way of reading papers, and have nnmeroos meet- 
ingN and good discuHHions. It was just what they should expect in 
Ni*w(;MMtle, which was l(X)ked n[)on as the cradle of engineering, to keep 
lip that high {Mwition which it always had maintained in the eyes of the 
world. Much depended upon the young members of the precession. He 
lliankiMJ them for tlie position in which they placed him. 



VOTK OF THANKS. 

Mr. Itoirr. Tiiomphon Haid, in moving a vote of thanks to their 
nil/jrinj^ rn!Hi(i<;iit, lici had a very pleasant duty to perform. He was 
(jiiiU; Mun; timt any one who had been through two years of office as 
l'n;Hid()nty and who had ho much bu.sincss us Col. Swan had to attend to, 
niUHt find it a gnsat tax upon his time, and the meetings of the Institu- 
tion would fnMjuentiy be attended at considerable inconvenieuce. The 
l'n;Hi<h!nt wjih also oxjKJcited to attend the annual meetings of other 
inHtiliitioriH, and in this their President had been very industrious. He 
(Mr. Thoni))Hon) hiul been at several meetings of the Institution, and 
thought th(! IVeHid(;nt very painstaking, giving every member a chance 
of HfHNiking. He adnn'ttiMl that his own attendance had not been what 
he hIiouM have liked. (Jircumstanees, however, had not been favourable 
for his attendance for the past few months, but those who had been 
present had, he knew, been struek with the value of the papers read on 
shipbuilding and engineering subjects, and he thought himself that they 
were e({\ivi to any they had had in past sessions. He was sorry that the 
attendance of members had not been up to what they should expect, and 
what he, the President, anticipated. He trusted that the incoming 



